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Abstract 
Sustainable Agriculture: 
A Case Study of Contour Hedgerows 
in Zigui County, Hubei Province, China 
Thesis submitted by TANG^ Chi-wai 
for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in July, 2004 
Contour hedgerows were adopted as a means of soil conservation in many 
countries in the late 1970s. Most related studies focus on the effectiveness and 
efficiency of hedgerows in checking sediment and nutrient loss. However, relatively 
few researchers have examined their socioeconomic performance. In this thesis, 
Zigui County of Hubei Province was selected as the study area and three 
socioeconomic aspects of hedgerows, namely economic viability, financial 
profitability and social acceptance were systematically investigated. 
The economic viability of hedgerow intercropping was assessed with the aid of 
the cost-benefit analysis. Assuming a 10% discount rate and 15-year time period, the 
net present value (NPV) of a 25° sloping cropland was -1.51 yuanim , indicating that 
soil erosion can bring severe economic loss if the problem is not properly addressed. 
Nevertheless, hedgerows were still not enough to generate high NPVs unless other 
inputs such as inorganic fertilizers and organic manure were added. The combination 
of hedgerows and chemical fertilizers was found to produce the highest NPV of 7.30 
yuanim . Using hedgerows and organic manure together also performed well as they 
generated a NPV of 6.22 yuanlr^. On the other hand, the combination of hedgerows, 
fertilizers, manure and mulching, which is considered as the most environmentally 
sustainable practice, failed to maximize a NPV due to exceedingly high investment 
and operating costs. 
i 
Data were collected from a questionnaire survey of 1,149 Zigui households to 
compare the financial profitability of fanning practices. Survey findings show that 
net returns were found in a descending order of stone terraces, sloping croplands, 
contour hedgerows and earth terraces. They are mainly influenced by crop types 
rather than the nature of fanning systems. N fertilizers were the main macronutrient 
fertilizer in the four practices but the application amounts in hedgerows were merely 
0.094 kg/m^/year probably because their function of nitrogen fixation is effective. 
Swine manure and green manure were another two major fertilizers from on-farm 
sources. In addition, high labour inputs in terracing systems and contour hedgerows 
signify that more manpower is needed for repairing terraces and pruning hedges. 
20 farmers from Guiya Village and Chenjiaba Village were interviewed to 
understand their perception to contour hedgerows. Results indicate that Zigui 
villagers mainly received the information of hedgerows from officials, and their 
acceptance was shaped by many geographical factors such as gradients, geology, 
altitudes and accessibility. Several respondents realized that water and sediment loss 
could be minimized by hedgerows, but they suspected whether there was keen 
competition between hedgerows and adjacent crops. Economic values and root size 
of hedgerows were also key factors of consideration. Moreover, shifting to 
hedgerows did not result in any change in input and output quantities, except for 
labour inputs. With these study results in mind, mass media could be used and 
species choices could be wider in order to diffuse hedgerows more efficiently. 
The findings of this thesis are not conclusive and just serve as consideration 
inputs for policymakers in the decision-making mechanism of hedgerow extension. It 
is expected that they can provide references for sustainable agriculture and 
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After the final endorsement at the fifth plenary session of the seventh Chinese 
National People's Congress in April 1992, the Three Gorges Project officially began 
in December 1994 and is proposed to be finished in 2009. This project is capable of 
generating hydroelectric power, providing flood control, improving navigation and 
enhancing tourism development of the Changjiang basin (Chau, 1995; Water 
Conservation Committee of Changjiang, 1997b; Liu, 1999; Edmonds, 2000). It is a 
test of national pride, purpose, ingenuity and skill, as well (Hughes, 2002). Yet, many 
detractors suspect its effectiveness in flood control and criticize the estimated costs 
might keep escalating as much as US$72 billion in 2009 (Hughes, 2002). Meanwhile, 
some aquatic species unique to Changjiang may eventually become extinct, and 
about 400-500 historic sites and relics will end up under water due to too late and too 
little funding of salvage (Hughes, 2002). In other words, the Three Gorges Project is 
a controversial megaproject of the new millennium. 
The aforementioned problems are usually not listed as the first argument in 
critics' mind. Rather, the most contentious point of the Three Gorges Project is the 
large-scale resettlement of villagers. It is estimated that when the water level reaches 
the final height of 175 m, a total of 19 counties, 13 cities, 140 market towns, 360 
villages, 139 power stations, 657 factories and mining sites, 1,600 enterprises, 600 
schools, 956 km of roads as well as 250.9 km^ of croplands and orchards will be 
inundated, and the productive and non-productive sectors have to be reconstructed in 
the vicinity of resettlement areas (Chau, 1995; Edmonds, 2000; Hughes, 2002). More 
importantly, around 1.13 million residents need to be resettled 'uphill' or 'behind' 
continuously over 12 years (Chau, 1995; Edmonds, 2000). The government, hence, 
has to reclaim sloping regions for property replacement and land compensation. 
1 
In order to relocate villagers properly, 'resettlement with development' is 
launched as the guiding principle by the Chinese government. It is a comprehensive 
scheme consisting of rural resettlement, township and factory relocation, personnel 
training, lump sum reimbursement for lands lost to inundation and some other forms 
of compensation and subsidy (Sullivan, 1999). It fundamentally aims at guaranteeing 
the living standards of the population affected are at least equal to their previous 
standards (Fang & Wang，1993; Hughes, 2002). 
In the Three Gorges Reservoir Region, most rural people are engaged in 
agricultural activities, but arable lands are not adequate quantitatively and 
qualitatively especially in western Hubei Province and Chongqing Municipality 
(Tian & Lin, 1993). Nearly 67.8% of lands are mountainous that are too precipitous 
for cultivation (Liu, 1999). Also, many relatively productive flatlands along 
riverbanks are undulated, while the proposed lands for compensation are mainly 
marginal and away from Changjiang (Sullivan, 1999). With less surplus land 
resources in the Reservoir Region, it is difficult to provide villagers with sufficient 
croplands to prevent substantial loss of incomes. 
Resettling huge amount of population and providing them with sufficient 
croplands are already a complicated task. Worse still, the Reservoir Region is one of 
the areas of China accumulating a large backlog of soil erosion. This problem not 
only diminishes land productivity, but also impairs the benefits generated by the 
Three Gorges Project such as irrigation, hydropower generation, navigability of 
waterways plus longevity of reservoir (Lo et al., 1992; Pimentel et al., 1995). 
Approximately, the regional eroded area is 33,000 km^ (Liu, 1999). As a response to 
these challenges, the Chinese government converts hill slopes into level terraces and 
believes that these reliable and proven physical measures are able to meet the twin 
goals of productivity and conservation. Her view may be correct, but some 
observations substantiate that stone terraces are cost-ineffective while earth terraces 
are short-lived. As a result, scientists later introduce contour hedgerows as a 
supplement to terracing system to the Reservoir Region. 
Contour hedgerows, which are a kind of bioengineering farming practice, are 
regarded as a solution to sustainable agriculture and development. Sustainable 
2 
agriculture is a fashionable idea in recent decades. It is a multifunctional complex of 
activities aiming to enhance the well-being of farmers and the environment. 
Generally speaking, sustainable agriculture should simultaneously deal with three 
components, namely biophysical-environment, techno-economics and socio-politics 
that are interrelated and dependent on one another (Cai & Smit, 1994). While the 
ecological performance of integrated farming systems is the base of the quantity and 
quality of harvests, their output levels and financial status have important influences 
on farmers' decisions (Herdt & Steiner, 1995). On the other hand, erosion problems 
can be successfully alleviated only if most local farmers are willing to accept and 
adopt soil-conserving measures on their sloping croplands. Briefly, sustainable 
farming practices stress the integration and improvement of environmental, 
economic and social sustainability. 
In Zigui County, one of the areas affected by the Three Gorges Project, trials of 
contour hedgerow intercropping were firstly established in 1993, and the practice 
was then promoted in a full scale in 1998 (Xu, personal communication). Previous 
studies indicate that hedgerows are effective in controlling erosion, restoring soil 
nutrients and organic matter, maintaining field moisture as well as producing green 
manure (Cai et al., 1996; Li et al., 1998; Xu et al, 2000; Li, 2001a). They definitely 
improve not only the present welfare but also the future one. Contour hedgerows 
sound environmentally attractive, but how about their economic viability? Are profits 
and conservation completely isolated from the opposite? Does it deserve to protect 
the environment at all costs? In what ways can extension agencies enhance their 
popularity among the rural? Nonetheless, very few efforts have been attempted to 
provide answers for the above questions. To bridge these knowledge gaps, therefore, 
the current research aims at exploring the economic and social sustainability of 
hedgerow intercropping. 
1.2 Conceptual Framework 
Although there is so far no universal definition of sustainable agriculture and no 
precise set of methods suitable for all conditions (Neher, 1992; Keeney & Cmse, 
1998), many countries adopt the definition proposed by the United Nations Food and 
3 
Agriculture Organization (UNFAO) as the conceptual framework for sustainable 
agriculture and rural development (Tschirley, 1997). In the UNFAO report issued in 
November 1988, sustainable agriculture is defined as: 
the management and conservation of the natural resource base, and 
the orientation of technological and institutional change in such a 
manner as to ensure the attainment and continued satisfaction of 
human needs for present and future generations. Such sustainable 
development (in the agriculture, forestry and fisheries sectors) 
conserves land, water, plant and animal genetic resources, is 
environmentally non-degrading, technically appropriate, economically 
viable and socially acceptable' (United Nations Food and Agriculture 
Organization, 1988). 
This definition emphasizes the equal importance of environmental, economic 
and social sustainability. No one far outweighs another. Francis (1994) claims that 
sustainable agriculture should not weigh conservation more heavily than profits, and 
outputs grown should not less than what would be possible given the resource base. 
Ng et al (2001) also add that a farming system could not be sustainable if there is no 
economic advantage. This is especially true in the deprived and ecologically fragile 
Reservoir Region. Hence, scientists should consider economic viability of contour 
hedgerows as important as their environmental one. 
What is desirable is not always practicable unless public support is obtained. 
Sometimes soil conservation measures are environmentally and economically 
sustainable, farmers hum and haw about their adoption, however. Li and Shi (1996) 
indicate that, in most circumstances, the first thing comes to farmers' mindset is 
money. Farmers may think that a new farming technique is appealing only if it can 
generate high returns. Therefore, it is valuable to examine the inputs and outputs of 
various farming practices as well as evaluate the profitability of hedgerow 
intercropping. 
Apart from profit maximization, farmers' perception significantly determines 
their decisions on whether or not adopting an integrated agricultural practice (Ellis, 
4 
1988). To facilitate innovation diffusion, government officials should consult the 
rural public about their views on new farming methods. Otherwise, unawareness may 
result in the waste of research resources and the refusal of technology (Francis, 1994). 
Greater transparency in the planning stage is surely important to sustainable 
development (Tschirley, 1997). Since contour hedgerows have been already spread in 
Zigui County for several years, it is meaningful to study the interplay of farmers' 
perception and hedgerow acceptance and implementation. 
To sum up, the three-fold approach including cost-benefit analysis, 
questionnaire surveys and in-depth interviews was used to investigate contour 
hedgerows from socioeconomic perspectives. The conceptual framework of the 
present research is depicted as a flow chart in Figure 1.1. 
1.3 Objectives and Significance 
Socioeconomic analysis of contour hedgerows is rare. This ignorance is not 
only local but also worldwide in the field of integrated farming systems. Mercer and 
Miller (1998) indicate that if the attention given to socioeconomics is inadequate, 
rural development would be failed and sustainable agriculture would no longer be 
existed. Therefore, the present research intends to examine contour hedgerows from 
both economic and social points of view with three primary objectives: 
a. to estimate the economic viability of contour hedgerows with 
different combinations; 
b. to financially justify the comparative performance of hedgerow 
intercropping and other agricultural systems; and 
c. to identify farmers' perception of and impediments to hedgerow 
acceptance and implementation. 
Balancing the human demands and the environment is of great importance to 



























































































































































































































































































































































































































































































































































useful for experts and policymakers to unravel the economic viability of hedgerows, 
to enhance their acceptance and adoption among villagers, together with to 
demonstrate and disseminate them in Zigui County and other parts of the Reservoir 
Region. 
1.4 Structure of the Thesis 
This thesis is composed of seven chapters. Chapter One begins with a brief 
introduction that highlights the associated problems of the Three Gorges Project and 
the characteristics of sustainable agriculture. The conceptual framework and 
objectives of the research are also outlined. Chapter Two is the literature review that 
goes through the erosion problems of the Three Gorges Reservoir Region as well as 
the pros and cons of terracing systems and hedgerow intercropping. Chapter Three 
contains a general description of the physical and human environments of Zigui 
County. Chapters Four to Six are the body detailing the research results of economic 
viability, financial performance and social acceptance of contour hedgerows with 
various methods. Chapter Seven, last but not least, is a concluding chapter 
summarizing the major findings, implications and limitations of the research. 





2.1 Impacts of Soil Erosion on Agriculture 
Soil erosion is a natural process occurring even on the lands with luxuriant and 
permanent vegetative cover (Poincelot, 1986). However, the erosion rate is 
accelerated in consequence of forest clearing and abusive cultivation practices 
(Castro et al., 1992). Larson (1981) notes that under erosion conditions, the ratio of 
soil loss to soil formation is around 10:1, leading to serious reduction in topsoil 
volume and land productivity. 
There are many associated problems of soil erosion such as siltation of channels, 
undermining of pavements, eutrophication of watercourses and loss of habitats (Gray 
& Leiser, 1989)，and the most significant one probably is its threat to agriculture 
because of the diminution of the amounts of basic plant nutrients, soil organic matter, 
water, soil biota and soil depth (Pimentel, 1999). Worldwide, around 80% of 
croplands undergo moderate to severe erosion, and 10% suffer slight to moderate soil 
loss (Pimentel et al., 1995). 
Nutrient reserves are depleted and plant growth is stunted when erosion happens. 
Typically, a ton of fertile agricultural topsoil comprises 1-6 kg of nitrogen, 1-3 kg of 
phosphorus and 2-30 kg of potassium, whereas severely eroded soils only have 
0.1-0.5 kg/ton of nitrogen (Pimentel et al., 1995). Though the use of synthetic 
fertilizers helps maintain crop yields, these chemicals will residue in soils, pollute 
surface water and ground water as well as affect aquatic life, terrestrial animals and 
even men (Luo & Han, 1990; Lo et al., 1992). 
Soil organic matter is another essential element of soils. It can aerate soils, 
regulate moisture content, prevent wind and water erosion and nurture beneficial 
8 
organisms. This allows better root development and less energy inputs in soils 
(Mokwunye, 2001; Norberg-Hodge et al., 2001). Also, the cation-exchange capacity 
of organic matter helps retain and regulate nutrient availability to vegetation. An 
ideal agricultural soil may possess as great as 5% of organic matter by weight 
(Poincelot，1986)，but it can be easily washed away especially in sandy soils 
(Pimentel, 1999; Mokwunye, 2001). Research results demonstrate that soils removed 
can contain 1.3-5 times more organic matter than those left behind (Allison, 1973). 
In addition to poor stability, soils hence become susceptible to erosion, surface 
crusting and moisture loss (Mokwunye, 2001). 
Soil biota, which is often overlooked in the assessment of erosion impact, is an 
important component of soils. Its tunneling and burrowing activities create 
passageways to facilitate air and water circulation together with root penetration. On 
average, one hectare of good quality soils can have 1,000 kg of earthworms, 150 kg 
of protozoa, 150 kg of algae, 2,700 kg of fungi and 1,700 kg of bacteria (Pimentel et 
al., 1980). Nonetheless, their amounts and diversity would be decreased on account 
of soil erosion. 
On the other hand, sufficient depth of soils is necessary for root development. 
Hudson (1981) points out that under cropland conditions, 0-1,000 years are required 
for the formation of 2.5 cm of topsoil. Nonetheless, soil erosion usually reduces the 
depth of root zone and subsequently eliminates the humus and mineral horizons 
(Poincelot, 1986). Worse still, paleo-soils developed 100 thousand years ago are very 
hard to be reconstructed by human effort once they have been removed (Duchaufour, 
1992). Therefore, remedial measures undoubtedly should be taken for soil 
preservation. 
Yield fall is noticeable on the site with erosion problems. Experiments in 
western Tennessee show that com outputs are dropped by 5-13% on moderately 
eroded soils and 14-44% on severely eroded soils (Poincelot, 1986). Furthermore, 
those harvests on lowlands will be disturbed because sediment removed may bury 
young crops in the valleys (Pimentel, 1999). Accordingly, it is no wonder soil erosion 
is detrimental to agricultural production. 
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2.2 Farmland Shortage Problems in the Reservoir Region 
Soil e r o s i o n is s e v e r e in the m i d - C h a n e j i a n g a rea and the p r o b l e m m a y be 
f u r t h e r d e t e r i o r a t e d d u e to the l a rge - sca l e r e s e t t l e m e n t p r o g r a m m e of the T h r e e 
G o r g e s P ro jec t . O f f i c i a l s d c c l a r c thai they h a v e a l r e a d y c o n s i d e r e d all the po ten t ia l 
difficLill ics and I he p re sen t d a m silc i n v o l v e s the least u p r o o t i n g of p e o p l e ( l i d n i o n d s , 
2(){)0). T h e y a l so po in t out thai v i l l age rs a rc m a i n l y r c loca t cd \s i thin thei r h o m e 
CO Lin l ies a n d thus I he i r raw mate r i a l bases , m a r k e t s and c o n d i t i o n s for c x i s t c n c c can 
be m a i n t a i n e d (Tian & Lin, 1993). T h e s e a r g u m e n t s s o u n d n ican ing t i i l , hut the 
a m o u n t s and p r o d u c t i v i t y of c r o p l a n d s for ag r i cu l tu r a l c l cxc lopmcnl arc t a n i y 
unce r t a in . S o m e p e o p l e , as wel l , th ink thai the o t f i c i a l idea of land c o n i p c n s a l i o n is 
j u s t lip sciA'icc. T h e y w o r r y that their ag r i cu l tu r a l I n c o m c s ami l i \c l ihooel in the 
fill Lire can no longer be guaranteed if money is ikU properly rccci\ cd. 
L a n d s arc the l lcsh and b lood of rural p o p u l a t i o n . Vi l l agers l e d scciirc as lonii 
as lhc \ p o s s e s s their m \ n lands . Based on the c \ iclcncc ol" rcnn)lc scns ine , of lKKils 
c l a im thai ihcrc arc ai.mind 6 . 7 0 0 k n r of undcNc lopcd l ands in I he Kc.scr\ on 丨 <(J:ji()ii� 
ami (>nc-lhirii ot" thcn i arc of a grat i icnl less than 25^ ( W a t e r C "oiiscrx a l ion ( ' o m n n l l c c 
(){' ( l u ing j i ane . 1 he ("h incsc g m e m m c n l is loo op t imis t i c , h o u c\ cr. She 
insis ts lhal a rab le l ands arc suft ' icicnt lor a l ta in i i ig 1:1 rat io of" lanti r c p l a c c m c n l . hiil 
I he q u e s t i o n of \\ li>' I hey arc u n o c c u p i e d is n e v e r a sked . A l thmigh I he a m o i i n l s of 
ba re l ands arc i i icrcascd wi th e l eva t ion {l -carnsulc . thc\ arc marg ina l in 
localuMi ami I he soi ls arc infer t i le . ( \ ) n s c q u c n l l y . nea r ly all ihc of f ic ia l 1> pioposcei 
laiuls ma> be uns i i i lab lc lor f a n n i n g ac t iv i t i es ( S i i l l n a i i . 1()(川).In ( l ima, the Water 
and Soil Pr i i tccl ion Act clcaii> s tales that f�am川 i g shou ld not be prac t i sed on ihc 
l ands i)\ cr a gnu i i cn l o\ 2 5 �o r c x p c n c n c i n g m o r e than 丨，nf e l im ina t i on ot 
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'Resettlement with development' cannot be identified as a single and isolated 
issue. It refers to not only the rearrangement of residents' homes and croplands, but 
also the ecological and socioeconomic matters of the Reservoir Region. In order to 
maintain the living standards of villagers affected and preserve the soil fertility of 
croplands, the government therefore converts hill slope into terracing systems and 
recently introduces contour hedgerows for sustainable agricultural development. 
2.3 Terracing Systems in China 
Terracing systems are embankments making of stones and mud along contour 
lines (Plates 2.1 and 2.2). They are a fundamental construction in mountainous areas 
of China and presently constitute 22% of sloping lands with an area of 73,000 km^ 
(Guo, 1992; Cai et al., 1996). Many studies verify that level terraces are an effective 
mechanical measure of soil conservation (Li, 2001a). They are capable of holding 
water and trapping as much as 85% of sediment eroded from fields (Poincelot, 1986; 
Li, 2001a). In addition, croplands become more accessible and villagers can carry out 
day-to-day work more conveniently after hill slope length and gradient are reduced. 
In a word, with the aid of terracing systems, soil erosion can be controlled and 
outputs can be boosted. 
Plate 2.1 Stone terraces in Zigui County. 
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Plate 2.2 Earth terraces in Zigui County. 
Yet, some experts doubt the environmental adaptability and suitability of 
terracing systems in the Three Gorges Reservoir Region. Taking the conditions of 
Zigui County for consideration, sandstone and shale are the dominant rocks and they 
are really not strong enough to be the construction materials of stone terraces. Field 
observations substantiate that cracks are discovered in several two-year stone 
terraces. These weak ridges are expected to completely collapse within five years 
(Cai et al., 1997). Being the substitute of stone terraces, earth terraces are another 
physical soil conservation measure. In Zigui County, soils are rich in calcium 
carbonate, and hence earth risers can reach their height of 2 m and even higher (Cai 
et al, 1997; Cai et al., 2000). Nevertheless, earth terraces are still not an appropriate 
farming practice because they are even less stable and prone to failure during the 
rainy seasons (Li, 2001a). 
Apart from the problem of construction materials, terrace construction is not 
suitable for Zigui in an economic sense. On average, the investment costs of stone 
terraces are as high as 1,500 yuan/ha. (Li, 2001a), and this system requires 
maintenance once it is fallen down (Poincelot, 1986; Tang et al., 1999). Although the 
savings resulting from soil conservation help offset the capital investment, they are 
not large enough to make level terraces economically feasible. In some cases, 
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terraces particularly the stone ones even present a net loss to farmers (Mitchell et al., 
1980). Moreover, both stone terraces and earth terraces themselves make no direct 
economic contribution to rural population (Tang et al., 1999). Per capita farmland is 
already small but ridges occupying 10% of the total area of terraced fields will cause 
less efficient use of land resources (Li, 2001a). As a result, land availability for 
agricultural production and farmers' incomes are inevitably reduced. 
In a nutshell, converting hill slope into level terraces is a necessary but not the 
best action in the Reservoir Region. In addition to the above drawbacks, Poincelot 
(1986) mentions that level terraces should not be built on the sites with sandy and 
shallow soils. For these reasons, from both environmental and economic points of 
view, an innovative bioengineering practice named contour hedgerows may be a 
better solution to soil erosion and rural poverty of the Reservoir Region. 
2.4 Contour Hedgerows 
Contour hedgerows are a bioengineering measure of soil and water conservation. 
They are spread in tropical regions such as the Philippines and Nigeria (Cramb et al., 
1999; Lapar & Pandey, 1999; Bamire & Manyong, 2003), and were firstly introduced 
to China in 1991 when the International Centre for Integrated Mountain 
Development (ICIMOD) and the Chinese Academy of Sciences (CAS) initiated a 
project of soil-conserving technology in Ningnan County of Sichuan Province (Li, 
2001a). In Zigui, studies of hedgerows have been conducted since 1993. Trial plots 
are set up in different parts of the County for different purposes, and experiments are 
jointly carried out by research teams of various institutions and universities. The 
results prove that hedgerows can generate ecological benefits including gradient 
reduction, runoff control plus nutrient enrichment. 
Hedgerows are shrubs and herbs planting along contour lines of sloping lands at 
variable widths, usually 4-6 m (Plate 2.3) (Li, 2001a). They are low and the branches 
are closely planted near the ground surface. In the experimental plots of Shuitianba 
of Zigui County, 35-40-cm earth bunds are formed under hedgerows after a year of 
operation (Shen et al., 1995). Li et al. (1998) also observe that after growing Vitex 
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negundo, Leucaena leucocephala and Coriaria sinica for two years, slope gradients 
have decreased by 6°，4° and 2° correspondingly. 
Plate 2.3 Contour hedgerows in Zigui County. 
Research results demonstrate that more organic matter is found as hedgerows 
can provide fields with green manure (Tang et al, 1999). It helps increase the 
porosity and water holding capacity of soils, and hence water lost from hedgerow 
fields is lower than that from sloping croplands by 37-47% (Tang et al., 1999). Li et 
al (1998) and Xu et al. (2000), as well, recognize that the peak flow of hydrograph 
is lower and the lag time is longer after planting hedgerows. Besides, nutrients are 
retained within soils because runoff is controlled and sediment especially the coarse 
one is trapped. Usually, the enrichment ratio of available potassium is higher since it 
is more soluble and highly related to clayey sediment (Xu et al., 2000). By contrast, 
soil phosphorus is conserved as it is primarily associated with coarse sediment (Xu et 
al., 2000). In brief, sediment, water and nutrients could be maintained for fertility 
improvement by the means of green manure and gradient reduction. 
In addition to these environmental advantages, the application of hedgerow 
intercropping is beneficial to Zigui farmers' incomes and national economy. 
Undoubtedly, on account of moisture and nutrient conservation, crop yields grown in 
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the alleys of hedgerows are higher (Garrity, 2002). Besides, contour hedgerows 
cannot only supplies green manure to the topsoil, but also produces food, fodder, fuel, 
fruits, vegetables, medical herbs, honey, fibers plus perfumes for rural people (Li & 
Shi, 1996; Li, 2001a). Local villagers can either sell these products in the market or 
keep them for household consumption. In consequence, their income sources are 
diversified and the risk of market failure is minimized. 
Apart from the investigation of hedgerow performance in erosion control, in 
Zigui, there are many discussions about the selection of hedgerow species. Much 
literature indicates that their effectiveness is tailored to local environments such as 
land availability, soil fertility, slope gradients, altitudes and local economy (Li & Shi, 
1996). For example, small hedges should be chosen for land-scarce regions while 
low-cost hedges should be for underprivileged areas (Li et al., 1998). Moreover, Li 
and Lai (1994) suggest that Leucaena leucocephala can be properly grown in 
altitudes of 585-1,300 m, and Coriaria sinica is in 1,300-1,800 m because it is able 
to tolerate low temperature. From this we can conclude that a prudent choice of 
hedgerow species can lead to higher survival and adaptive ability as well as lower 
maintenance costs. 
Hedge characteristics are another important criterion of species selection. 
Principally, hedgerows should quickly grow in narrow strips along contour lines, and 
their branches should be dense enough to form barriers near the surface. As well, 
they must not have any laterally spreading root systems and large canopies owing to 
the risk of nutrient and sunlight competition (Cai et al, 1996; Li, 2001a). In line with 
these criteria, Li et al. (1998) distinguish Vitex negundo, Coriaria sinica, Leucaena 
leucocephala and Vetiveria zizanioides are, comparatively speaking, the most proper 
species for Zigui County. 
Previous studies verify that contour hedgerows are certainly effective in 
warranting environmental conservation and agricultural production in Zigui County. 
With the aid of this bioengineering measure, farmers can grow crops without 
seriously accelerating the erosion rate under the current land use pattern. Nonetheless, 
some people still hesitate and even refuse to apply them on their family farmland. As 
presented in Figure 2.1, the area of hedgerows was about 7.00 km in 2002, 
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constituting 2.03% of county croplands. Likewise, in some African countries such as 
Nigeria and Benin, innovative agricultural techniques are not widely accepted and 
implemented by local people (Carter, 1995). Even if farmers have tried the adoption 
of hedgerows, nearly half of them eventually abandon them owing to volunteer 
seedlings and high labour demand (Adesina & Chianu, 2002). Hence, exploring the 




Figure 2.1 Proportion of croplands in Zigui County (2002). 
(Source: Xu, personal communication). 
Hedgerow intercropping cannot be described as a sustainable agricultural 
measure if only its environmental performance is verified. Previously, the economic 
contributions and social influences of integrated farming systems are poorly 
documented (Current et al., 1995). In the review done by Mercer and Miller (1998), 
they indicate that around 19% of researchers surveyed have noted this ignorance and 
claim the investigation of adoptive behaviours is the most crucial gap and the priority 
for future research in the socioeconomics. This review suggests that more attention 
should be paid to the economic viability and social acceptance of contour hedgerows 
in Zigui as well as other countries. 
Cost-benefit analysis is the most common analytical tool of measuring the 
economic performance of soil-conversing practices even if some scholars criticize its 
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applicability and reliability (Bojo, 1992). Generally, it has been employed in the 
studies of integrated farming systems of Korea, India, Ethiopia, Central America and 
the Caribbean to compare the economic profitability of different approaches (Veloz 
et al” 1985; Kim & Dixon，1986; Sharma & McGregor，1991; Keddeman, 1992; 
Current et al., 1995). The results are diverse but they help make people realize the 
effects of soil erosion from an economic perspective as the environmental costs and 
benefits of projects are internalized. Moreover, in 'Agroforestry Systems', 72 out of 
302 socioeconomic papers published between 1982 and 1996 have applied 
cost-benefit analysis in agroforestry studies (Mercer and Miller, 1998). The 
proportion is comparatively high in this academic field because sustainable 
agriculture becomes widely acknowledged as a useful approach for agricultural 
research and extension (Bojo, 1992). 
On the other hand, the examinations of adoptive behaviours are mostly 
conducted in tropical regions of Africa, Central and South America as well as Asia. 
Very few are in subtropical regions (Tang et al., 2003). In general, analytical models 
such as Logit model (Adesina et al., 2000; Adesina & Chinau, 2002) and Tobit model 
(Norris & Batie, 1987) are applied to elicit the determinants of adoptive behaviours. 
They include labour requirements (Atta-Krah & Francis, 1987; Wossink et al., 1998), 
sunlight, water and nutrient competition between hedgerows and crops (Adesina & 
Chianu, 2002; Tang et aL, 2003), risk aversion (Ellis, 1988) and so forth. It seems 
that farmers' decision-making process of innovation adoption is complicated and 
affected by multiple factors. 
So far, very few social surveys have been conducted in Zigui County. Even if 
Mo (1997) had administrated a questionnaire survey in 1996, hedgerow 
intercropping is not considered because it has not yet spread at that moment. 
Nonetheless, it is logically to deduce that this bioengineering measure is fairly 
strange to the rural population. Zigui farmers may feel puzzled to accept it and thus 
prefer to stick to their old practices. This is just the tip of the iceberg. There are 
surely other potential obstacles of hedgerow acceptance and implementation. In order 
to facilitate the extension, comprehensive surveys and interviews should be carried 
out in Zigui as well as other parts of the Three Gorges Reservoir Region. 
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2.5 Sustainable Agriculture and its Development in China 
The so-called conventional agriculture is characterized by high production 
yields but heavy dependence on external inputs and serious environmental 
degradation (Jones, 1993; Pimentel, 1999; Garrity, 2002). Many scientists have 
recognized that these problems will lead to huge importation of energy into the 
nature and undermine the environmental sustainability (Sanders, 2000a & b). They 
also believe that bioengineering farming practices are a good substitute that helps 
increase harvests, strengthen rural economy and deal with increasingly manifest 
environmental hazards (Sanders, 2000b; Li, 2001b). 
Similarly, many Chinese specialists pinpoint that conventional production 
methods are environmentally destructive (Qu, 1991). They call agricultural 
sustainability into question and suggest that ecological agriculture should be adopted 
as a national policy of sustainable development in China (Luo & Han, 1990; Sanders, 
2000b). In 1981, the idea of Chinese ecological agriculture (Zhongguo Shengtai 
Nongye) was firstly raised by the research team led by Professor Ma Shijun (Li, 
2001a; Ng et al, 2001). It later became highly approved after the Earth Summit in 
1992 and is deeply discussed by researchers (Sanders, 2000b). On the whole, 
Chinese ecological agriculture is defined as an environmental, economic and social 
system with multipurpose, multifunction, multicomponent and multiorganization 
(Luo & Han, 1990). 
Agricultural sustainability can be viewed from three aspects: environmental, 
economic and social. For the environmental dimension, a sound farming system 
should provide the most favourable soil conditions without any decline in energy and 
growth factors (Reijntjes et al, 1992). Basically, the rule of soil conservation is very 
simple: soil loss should not exceed soil formation (Li, 2002). In addition to terracing 
systems, prudent use of crop residue is one of the soil-conserving and 
fertility-enhancing methods. The experiments in Missouri demonstrate that soils lost 
from the lands covered with stubble are less than 0.1 ton/ha/year, about 123 times 
lower than those from barren lands (Pimentel et al., 1995). Another study, moreover, 
verifies that Vitex negundo, Leucaena leucocephala and Coriaria sinica can generate 
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31,500 kg/ha, 24,000 kg/ha and 8,400 kg/ha of green manure respectively after 
two-year growth (Li et al., 1998). Green manure is rich in macronutrients and trace 
elements, and thus proper management of it helps improve land productivity 
(Poincelot, 1986; Mokwunye, 2001). 
Environmental sustainability alone is not adequate to drive rural dwellers to 
adopt integrated farming systems as the most pressing interest among them is to 
maximize yields at a reasonable cost and to guarantee their family incomes and food 
security (Uri et al., 1999; Garrity, 2002). Kuyvenhoven and Ruben (2002) also 
remark that popular implementation is resulted only if farmers can attain higher and 
more stable incomes. Profits, therefore, are a crucial factor of sustainable agriculture. 
Generally speaking, there is a strong relationship between soil erosion and 
economic development, particularly in agricultural nations. In Africa, for instance, 
nutrient depletion causes around 7% reduction in potential agricultural Gross 
Domestic Product, ranging from 3% in Cameroon to 22% in Niger (Mokwunye, 
2001). As well, with the aid of reliable soil and water conservation techniques, yield 
levels are 15-30% higher than those of conventional agriculture (Follett & Stewart, 
1985). These findings demonstrate that sustainable agricultural practices can provide 
both favourable soil conditions and high revenues. 
Activity and product diversification is one of the characteristics of sustainable 
agriculture (Sanders, 2000a & b; Kuyvenhoven & Ruben, 2002). Taking the rice 
aquaculture project as an example, ecologically, malaria incidence is reduced 
because mosquito larvae are eaten by fish. Economically, rice yields are increased by 
10-15% and 0.075 kg/m^ of fish is produced owing to protein enrichment (Pretty & 
Hine, 2000). In consequence, outputs become more stable and risks of total loss tend 
to be minimized. 
Sustainable farming practices could not pass on unless local farmers are willing 
to accept and adopt them on their lands (Chau, 1995). Many observations illustrate 
that ecologically agricultural development appears to succeed during the initial stage, 
but finally fades away after scientists leave villages (Pretty, 2002). In general, lack of 
information is the key obstacle of the diffusion of sustainable agricultural measures 
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(Veloz et al, 1985). To solve this problem, research teams should identify the gaps in 
knowledge and information between farmers and themselves, plus create incentives 
for continuous generation and implementation of technology (Mokwunye, 2001). 
Apart from setting up field-schools and demonstration sites, they can assist farmers 
to evolve organizations and choose some local people as leaders (Garrity, 2002). 
Knowledge subsequently is taken root in villages and can be spread in a 
farmer-to-farmer approach. 
The idea of Chinese ecological agriculture is evolved from western countries, 
but its practice in China is slightly different from that in the western society. Qu 
(1991) emphasizes that Chinese ecological agriculture is a mode of sustainable 
development with Chinese characteristics. It is the combination of oriental wisdom 
and latest science with the consideration of local environments (Luo & Han, 1990; 
Sanders, 2001b). Generally, there are three divergences of ecological agriculture 
between the West and China. 
First, for the organic farming in western countries, people merely use organic 
manure such as leguminous crops, livestock manure and naturally occurring minerals 
to amend soil quality (Norberg-Hodge et al., 2001). However, for Chinese ecological 
agriculture, farmers do not completely avoid subsidized energy inputs (Luo & Han, 
1990). They, instead, apply both organic manure and synthetic chemical fertilizers 
together at reasonable amounts on their croplands. 
Second, Chinese ecological agriculture is confined to large-scale (Luo & Han, 
1990). As a result of the production responsibility system in 1978, arable lands of 
China are piecemeal divided. The size becomes small for economies of scale, and 
economic viability of agriculture is negatively affected (Sanders, 2000a). 
Consequently, numerous eco-counties and eco-villages are developed in different 
places of China (Li, 2001a). 
Third, since Chinese ecological agriculture is implemented at village or county 
levels, larger and more explicit official involvement and participation are required 
(Sanders, 2000b). For example, the leading group of eco-county construction 
comprises the State Planning Commission, the State Commission of Science and 
2 0 
Technology, the State Environmental Protection Agency, the Ministry of Water 
Conservancy, the Ministry of Forestry and the Ministry of Agriculture (Li, 2001a). 
Inter-departmental cooperation, therefore, is very important to the evolution of 
sustainable agriculture in China. 
By 1993, there were 51 eco-counties with the aggregate area of 120 thousand 
2 • 
km (Li, 2001a & b). Sanders (2000a) states that eco-county construction is 
characterized by primary dependence upon organic manure, application of 
ecologically sound 'stereo' techniques, well development of animal husbandry, 
recycling of wastes, together with reduction of fossil fuel consumption. In the case 
study of Dazu County of Sichuan Province, forest cover was grown by 13.9% 
between 1983 and 1993 after the establishment of eco-county. Meanwhile, incomes 
and total food production were increased by 451 million yuan and 22.7% 
respectively (Li, 2001a). Accordingly, converting an area into in an eco-county helps 
conserve the nature and enhance people's living standards. 
Chinese ecological agriculture plays an important role in the panoply of policies 
pursued by the government. It encourages erosion control, afforestation and energy 
conservation. In addition to these environmental benefits, it also attempts to improve 
rural economy, satisfy peoples' increasing material expectation plus expand job 
opportunities in villages (Sanders, 2000a; Li, 2001a). For these reasons, sustainable 
agricultural development should be spread and disseminate in the rural areas of 




3.1 The Three Gorges Reservoir Region 
The Three Gorges Reservoir Region (106°52 'E- l l l °0 rE to 30°30'N-31°20'N) 
(Figure 3.1) consists of 19 cities and counties including Badong, Xingshan, Yichang 
and Zigui of Hubei Province, and Wushan，Wuxi, Fengjie, Yunyang, Kaixian, 
Wanxian, Zhongxian, Shizhu, Fengdu, Fuling, Baxian, Wulong, Changshou, Jiangjin 
and Chongqing City of Chongqing Municipality (Fang & Wang, 1993; Liu, 1999). In 
term of shape, it is a narrow strip of lands running from Yichang in the east to 
Jiangjin in the west with the total area of 54.2 thousand km^. It is estimated that 
1.17% of it will be gone under water after the completion of the Three Gorges 
Project (Liu, 1999). 
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Figure 3.1 The Three Gorges Reservoir Region and the dam site. 
(Source: Edmonds, 2000) 
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The Reservoir Region bisects the southern foothills of Dabashan of Chongqing 
Municipality and the hilly areas of western Hubei (Fang & Wang, 1993). A range of 
rugged mountains, interlocking valleys and basins are formed, and the landscape is 
exceedingly precipitous. Nearly 67.8% of the Reservoir Region is mountainous 
terrains, 29.5% is undulating hills and only 2.7% is flatlands (Liu, 1999). In addition, 
purple soils, lime soils and yellow-brown earth are the majority. These infertile soils, 
respectively, account for 47.8%, 34.1% and 16.3% of the total regional area (Water 
Conservation Committee of Changjiang, 1997a; Liu, 1999). 
The mean annual temperature is 17-19°C, and the annual precipitation is 
approximately 1,000-1,400 mm in which 65-70% occurs between May and October 
(Water Conservation Committee of Changjiang, 1997a & b; Liu, 1999). Owing to 
huge water body and mountainous and hilly relief, the climatic condition between the 
districts adjacent to Changjiang and those away from is quite different. Temperature 
and relative humidity are usually higher in the former ones while opposite conditions 
are observed in the latter ones (Water Conservation Committee of Changjiang, 
1997a). 
For the human environments, the regional population size was 19.29 million 
(Water Conservation Committee of Changjiang, 1997a), and the population density 
was around 357 persons/km in 1994. Its distribution is very uneven over the 
Reservoir Region, ranging from 140-200 persons/km in mountainous areas to 
300-600 persons/km in valley bottom (Chau, 1995). The regional Gross Domestic 
Product per capita was 2,605.5 yuan in 1996, of which primary sector constituted 
35% (Liu, 1999). Agriculture, hence, is a fundamental activity of the Reservoir 
Region, and most counties are typical poverty-stricken areas. 
3.2 Geographical Settings of Zigui County 
3.2.1 Geographical and Administrative Location 
Zigui County (110°18'E-lir00'E to 30°38 'N-3r l l 'N) (Figure 3.2) is located 
in the west of Hubei Province. It covers the area of 2,427 km , and the maximum 
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east-to-west and south-to-north distances are 66.1 km and 60.6 km respectively 
(Statistics Bureau of the PRC, 1996). Zigui is composed of seven towns, five 
townships and 202 villages (Statistics Bureau of Yichang City, 2002). In September 
1998, Zigui City, the administrative capital, was relocated to Maoping owing to 
flooding resulting from the Three Gorges Project. Additionally, the area of arable 
lands was approximately 1,800 km^ by the year 2001 (Zigui Government, 2002). It 
has dropped by 12.78% since 1990 even though agricultural activity is of great 
significance to the Zigui economy. 
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Figure 3.2 The location of Zigui County, Hubei Province. 
(Source: modified from Statistics Bureau of Hubei Province, 2002) 
3.2.2 Geology and Geomorphology 
The geology of Zigui is dominated by Palaeozoic and Mesozoic sedimentary 
rocks with few igneous rocks in the southeast. Sandstone and shale formed during 
the Periods of Cambrian and Permian are the main types (Zigui Government, 1991). 
Similar to other counties of the Reservoir Region, south-north folds are apparent and 
gorges, interlocking valleys as well as fold mountains are common due to the active 
plate movement in the past (Zigui Government, 1991). 
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Zigui, a county divided into north and south by Changjiang, is situated in the 
mountain ranges of Dabashan and Wushan. Prior to inundation, the average elevation 
is roughly 800 m and the peak is 2,057 m (Zigui Government, 1991; Statistics 
Bureau of the PRC, 1996). This reveals that the landscape of Zigui County is 
characterized by steep slope and the topography is high at the edge but low in the 
centre, like a basin in shape. 
3.2.3 Soils 
The major soils of Zigui County are lime soils. They account for 22.82% of the 
total area and are followed by yellow-brown earth (17.93%) and purple soils (11.38%) 
(Zigui Government, 1991). In 1990, the area of lands lacking in nitrogen, 
phosphorous and potassium was 228.94 km , 262.81 km and 231.14 km 
correspondingly (Zigui Government, 1991). Soils are slightly acidic and the content 
of organic matter is low, more or less below lOg/kg (Zigui Government, 1991; Cai et 
al., 1996). In brief, soils of Zigui are poorly structured, deficient in profile 
differentiation and awfully infertile for normal crop growth. 
3.2.4 Climate 
Zigui belongs to the subtropical continental zone with monsoon climate. It is 
characterized by distinctive seasons, moderate temperature, abundant sunlight and 
high precipitation. According to the meteorological observations between 1959 and 
1985，the mean annual temperature is 18°C, and the annual duration of sunlight is 
1,619.65 hours (Zigui Government, 1991; Wang & Luo, 2002). Additionally, rainfall 
is usually short in duration but very intensive (Liang, 1995). Its annual amount is 
1,439.2 mm whereby 43.1% is concentrated in summer. The annual frost-free day is 
260 days (Zigui Government, 1991). 
Temperature and precipitation significantly vary over Zigui County because of 
the basin-shaped landscape. The differences of temperature and frost-free day 
between uplands and lowlands are approximately 10°C and 120 days (Statistics 
Bureau of the PRC, 1996). Following Liang (1995), rainfall variation could be as 
large as 50%. It is generally increased by 30-50 mm for every altitude of 100 m 
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(Zigui Government, 1991). This mirrors that climatic variation is noticeable in Zigui 
County. 
3.2.5 Hydrology 
Surface water of Zigui is fairly abundant but it is not available to farmers 
because of steep slope and poor water holding capacity of soils. Eight perennial 
rivers link to Changjiang at various locations with the total length of 311.8 km. On 
average, the depth of surface runoff is 758 mm, and the aggregate volume is 1,837 
million m^ (Zigui Government, 1991). Furthermore, groundwater concentrating in the 
Palaeozoic and Mesozoic strata is adequate because karst topography is well 
developed. It is soft to slightly hard and the pH value is about 7-8 (Zigui Government, 
1991). 
3.3 Socioeconomic Conditions of Zigui County 
3.3.1 Demography 
Apart from natural environments, the likeness of socioeconomic conditions 
between Zigui County and the Three Gorges Reservoir Region is important to the 
study of hedgerow acceptance and extension. According to the fifth population 
census of 2000, the total population of Zigui was 398,043. Of which, 343,558 were 
rural while the remains were urban (Statistics Bureau of Hubei Province, 2002). The 
natural growth rate had kept on negative since 1996 and was -1.26%o in 2001. 
Meanwhile, the overall sex ratio was 109.35 and that of the age group of 65 and over 
was 96.46 (Statistics Bureau of Hubei Province, 2002). Such decreasing ratios with 
aging signify that men are slightly younger and have shorter life spans when 
comparing with women. 
Figure 3.3 displays the population pyramid of Zigui County in 2000. In which, 
70.78% of the total population was aged between 15 and 64, and the overall 
dependency ratio was 41.27% (Statistics Bureau of Hubei Province, 2002). Hence, 
labour force is said to be sufficient in Zigui. 
2 6 
9S99: 
s^sJL • Female 
I eS69 ] 
5S59 — I 
I 4549 I 
I 拟 9 “ I 
I I 2S-23 一 I 
I 1S19 — 
I r ^ ~| 1  
I t) I I  
30030 21X00 10000 0 10000 20000 30000 
Figure 3.3 Population pyramid of Zigui County (2000). 
3.3.2 Educational Attainments 
With the purpose of offering more schooling opportunities to Zigui children, the 
government had invested 14 million yuan in school construction (Hu, 2001). In 2001, 
there were six kindergartens, 159 primary schools and 23 secondary schools 
(Statistics Bureau of Yichang City, 2002). Libraries, as well, were built in some large 
towns for cultural exchange and enrichment. In 2000，around 90% of the total 
population aged six and over had received primary education, and the numbers of 
undergraduates and postgraduates were 730 and 15 respectively (Statistics Bureau of 
Hubei Province, 2002). The illiteracy rate was 10.72%. Similar to other counties, 
there is a gender difference because 13.59% of females aged six and over was of no 
schooling while it was merely 4.62% for males (Statistics Bureau of Hubei Province, 
2002). Nonetheless, this gap seems to be gradually narrowed in recent years. 
3.3.3 Economic and Social Development 
Zigui can be considered as a poverty county in China. In 2001, the Gross 
Domestic Product was 1,820.41 million yuan (Statistics Bureau of Yichang City, 
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2002). This County is regarded as a predominantly agrarian economy because more 
than 80% of labour force was engaged in primary industries. Rice, maize, rape and 
sweet potatoes are the main agricultural outputs. Citruses, which are considered as 
one of the ‘big-ten, fruits of Hubei Province (Hu, 2001), are well known throughout 
China, too. 
The adoption of agricultural machinery becomes widely spread. In 2001, there 
were totally 175 walking tractors, 605 water pumps, 208 motorized threshers, 791 
agricultural generators and 283 agricultural camions (Statistics Bureau of the PRC, 
2000; Statistics Bureau of Yichang City, 2002). In order to teach farmers about the 
use of innovative technology, demonstration sites were set up and more than 1,200 
training courses were organized (Hu, 2001). 
The similarity between Zigui County and the other 18 counties is important 
because the success of hedgerow extension, wholly or partly, is tailored to local 
conditions. In a word, the environment of Zigui County is representative of the Three 
Gorges Reservoir Region. They both are characterized by undulating terrain, poor 
land productivity, subtropical climate, high population density, low income per capita 
as well as agricultural economy. 
3.4 Environmental Problems in Zigui and the Reservoir Region 
Zigui County is not only ecologically fragile but also underprivileged. When the 
water level reaches 175 m, 5.9% of it would be submerged (Water Conservation 
Committee of Changjiang, 1997a), and 25,662 urban people and 41,292 rural people 
come from eight towns and townships have to be relocated (Liu, 1999). Although 
most of them earn their livelihoods by primary production, arable lands of Zigui are 
Q 
quite insufficient. The per capita amount was roughly 600.03 m in 2001 (Zigui 
Government, 2002). In the Reservoir Region, likewise, it was 593.36 m in 1992, 
30% lower than the national level (Liu, 1999). As expected, the area is going to be 
decreased on account of population growth and inundation. Therefore, farmland 
deficiency is considered as an ecological and economic problem in Zigui and other 
counties in the Reservoir Region. 
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Plant succession is irreversible and highly sensitive to human impacts (Watts & 
Yue, 2000). In consequence of the exploitation of fuelwoods and forest clearance for 
cultivation, sizeable forest areas drastically disappear in Zigui. At present, vegetation 
is mainly secondary and simple in structure (Zigui Government, 1991). For the 
Reservoir Region, forest coverage was considerably declined during the past fifty 
years owing to large-scale lumbering. Pioneer species, now, can only be found in few 
remote zones. These irrational human activities, along with prolonged rainfall and 
steep slope, lead to serious erosion. 
Both Zigui and the Reservoir Region are notorious for soil erosion. It is 
measured that the regional eroded area was about 33 thousand km^ (Liu, 1999), 
constituting 61.4% of total land surface. Also, more than 500 million tons of 
sediment enters into the river system per annum (Yu, 1999). The situations are much 
worse than those of the middle and lower courses of Changjiang. Further agriculture 
and development on hill slope will deteriorate soil properties, and a vicious cycle is 
unavoidably resulted. 
All this information signifies that the natural resources, land use patterns and 
human conditions of Zigui County are typical and representative of the surrounding 
areas. Though the research findings presented in this thesis were obtained from one 
of the 19 counties, it is believed that they can offer implications for the land 
management of mountainous areas, and cast light on the diffusion of sustainable 
agriculture throughout the Three Gorges Reservoir Region. 
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Chapter Four 
Cost-benefit Analysis of Contour Hedgerows 
4.1 Introduction 
Since the late 1970s, scientists have conceived the ecological benefits of 
contour hedgerow intercropping (Carter, 1995). Numerous experiments have 
demonstrated that it is effective in reducing slope length, mitigating erosion, 
restoring soil nutrients and organic matter, maintaining field moisture as well as 
generating green manure (Cai et al., 1996; Li et al., 1998; Xu et al., 2000; Li, 2001a). 
Because of these advantages, contour hedgerows are proposed by many government 
officials and researchers as a solution to sustainable development and agriculture in 
the mountainous areas of tropical countries such as Nigeria and the Philippines 
(Lapar & Pandey, 1999; Adesina & Chianu, 2002; Bamire & Manyong, 2003) 
However, in reality, their diffusion progress is far from satisfactory as many local 
people are reluctant to adopt them on their cultivated lands (Carter, 1995; Tang et al., 
2003). Contour hedgerow intercropping is a kind of integrated farming systems that 
should take consideration of environmental, economic and social benefits and 
consequences. All of them have equal values from a social perspective, and no one 
outweighs the other. Francis (1994) states that, simply but certainly, sustainable 
agriculture should not emphasize conservation much more heavily than earnings no 
matter what the situations are. Based on this notion, some scientists blame the 
ignorance of social and economic aspects for the failure of hedgerow extension 
(Carter, 1995). 
On the other hand, as a result of soil and water conservation, some studies 
reveal that yields are higher when crops are grown between hedgerows (Garrity, 
2002). Nonetheless, high crop yields do not imply high net profits if production costs 
are exceedingly high. Hence, in order to enhance the popularity of contour 
hedgerows among the rural population, it is important to let farmers understand the 
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economic viability of this innovative agricultural measure. Otherwise, extension 
tasks will be very hard to be carried on (Mehta & Leuschner, 1997; Ng et al., 2001). 
In brief, responsible bodies concerned ought to provide comprehensive information 
without bias towards any aspect for a more rational decision of hedgerow 
implementation. 
Similar to the problems of other developing countries, contour hedgerows are 
not widely adopted in Zigui County. They have been introduced since 1993 and 
spread at the grass-root level in 1998，but their area was more or less 8.60 km^ in 
2003 (Xu, personal communication). Additionally, most previous studies of 
hedgerows merely examine their effectiveness and efficacy in controlling soil erosion 
on sloping lands (Cai et al, 1996; Li et al., 1998). Local farmers are poorly educated 
and may not be familiar with the scientific findings unless the empirical results are 
expressed in monetary terms. They also do not consider external effects and will 
undervalue the 'true' production costs. For these reasons, government officials and 
researchers should explore the economic performance of contour hedgerows in order 
to accelerate their diffusion pace. 
Assuming the economic gain is the primary objective of hedgerow adoption, 
farmers would flock to this innovative method as long as it is described to be 
economically viable. In recent decades, cost-benefit analysis has been applied in 
projects of various countries and receives more attention in the soil and water 
conservation issue for impact assessment (Mercer and Miller, 1998). Many scientists 
have employed this instrument to investigate whether a soil-conversing measure is 
economically justified to be implemented or not (Kim & Dixon, 1986; Current et al., 
1995). In the present study, therefore, cost-benefit analysis was applied in order to 
depict a richer picture of the acceptance and implementation of contour hedgerows 
from an economic point of view. Together with the economic viability and feasibility 
of contour hedgerows, the following research questions will be answered in this 
chapter: 
1. What are the economic costs and benefits of hedgerows when 
comparing with sloping croplands? 
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2. How good is the economic performance if contour hedgerows are 
applied alone? 
3. How to operate hedgerows in order to maximize the net present 
value? 
4. Is an environmentally sustained measure also economically 
feasible? 
5. What are the relative results of net present values in the sensitivity 
analysis? 
4.2 Methodology 
4.2.1 Trial Plot Design 
There were totally six trial plots established in Wangjiaqiao watershed. As 
shown in Figure 4.1, each plot was 2 m x 10 m in area, faced east and lied on a 2 5 � 
sloping land^. They were constructed of bricks and tanks were installed at the bases 
for collecting the water and sediment loads washed from above during natural 
precipitation. Correspondingly, the six trial plots were treated with different 
combination of fertility-enhancing and soil-conserving measures including contour 
hedgerows, inorganic fertilizers, organic manure and mulching. Table 4.1 illustrates 
that the experimental plots were named as C, H, HO, HI, HIM and HIOM. C was the 
'control' site on which neither soil conservation nor fertility enrichment means was 
found. H was the 'hedgerows' plot wherein three rows (two lines per row) of 
Vetiveria zizanioides were evenly planted at 20-cm intervals, centre to centre. HO 
was the 'hedgerows + organic manure, plot; HI was the 'hedgerows + inorganic 
fertilizers' plot; HIM was the 'hedgerows + inorganic fertilizers + mulching' plot; 
and HIOM was the 'hedgerows + inorganic fertilizers + organic manure + mulching' 
plot. 
1 A detailed description of the experimental plot design has been provided in Mo (1997), pp. 26-29. 
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C H HO HI HIM HIOM 
lOm ： _ _ _ = _ _ _ _ _ _ _ _ 
Notes: — = Contour hedgerows; 
=tanks (tank area of C is 2.42m^ and that of H, HO, HI, HIM and HIOM is 2.67m^) 
Figure 4.1 Layout of the trial plots. 
Table 4.1 Operations of the trial plots. 
Soil management systems 
Components C H HO HI H I M H I O M 
Hedgerows ^ x 7 7 7 7 V 
Inorganic fertilizers ^ x x x Z 
Organic manure e x x Z x x 
Mulching d x x x x ^ ^ 
Notes: 
a Three rows (two lines per row) of Vetiveria zizanioides were evenly planted at 2.5m, 5m and 7.5m 
from the top. 
b Inorganic fertilizers consisted of ammonium bicarbonate and calcium superphosphate, 
e Organic manure was wet swine manure, 
d Dry rice stubble was used for mulching in the designated plots. 
The experimental plots were set up in Wangjiaqiao watershed because it is a 
good representative of the Three Gorges Reservoir Region. Wangjiaqiao (110°42'E 
to 31°12，N) (Figure 4.2) is located about 4 km north of Changjiang. Its total area is 
16.7 km^, and the average elevation is 240 m. More than 85% of sloping lands are of 
a gradient of 25�and over (Xu et al., 2000; Shi et al, 2004). Jurassic purple soils 
derived from purple sandy shale are the majority. They are neutral to strongly 
alkaline, poorly porous and lacking in nutrients and organic matter (Li et al., 1998), 
indicating that soils of the study area are infertile. The mean annual temperature is 
around 16.7°C, and the annual precipitation is 1,013.1 mm (Li et al., 1998; Xu et al, 
2000). Such subtropical climate, along with mountainous terrain and poor soil 
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properties, favours the occurrence of runoff and nutrient depletion that are the main 
threats to agricultural production. 
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Figure 4.2 The location of Wangjiaqiao watershed. 
(Source: modified from Zigui Government, 1991) 
In this study, in-situ experiments were conducted in 1995-96, 1996-97 and 
2002-03 owing to the financial support from research institutions. Samples from the 
upper soil layer (0-15 cm) and the lower soil layer (15-30 cm) were obtained twice a 
year, before the growth of wheat and after the harvest of soybeans. They were then 
immediately returned to the Soil Laboratory of the Huazhong Agricultural University 
for the examination of nutrient budget change resulting from soil erosion . For runoff 
and soil loss, when there was precipitation in Wangjiaqiao, samples were directly 
made from the tanks of the trial plots and analyzed afterwards. Wheat, soybeans and 
green manure were the main outputs of this cost-benefit analysis. On the 
experimental plots, wheat was grown between November and April of next year 
while soybeans were between May and October. Their grain and non-grain (leaf and 
stalk) portions were air-dried and weighed once they were harvested by technicians. 
fy 
A detailed description of the sample treatment has been provided in Mo (1997), pp. 48-49. 
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As well, contour hedgerows were pruned three times a year, correspondingly in May, 
August and November. Their residue was applied as green manure. 
4.2.2 Cost-benefit Analysis 
Cost-benefit analysis is a modem method of economic appraisal systematically 
providing useful information about the wanted and unwanted effects of public 
programmes (Anderson & Settle, 1977). It intends to compare the economic viability, 
but not the business profitability, of various projects. Different from financial 
analysis, cost-benefit analysis includes unpriced environmental goods that are 
ignored in private investment decisions. Fundamentally, this economic tool can be 
divided into four stages, namely identification, quantification, valuation and 
evaluation (Carpenter & Dixon, 1985). 
The identification stage is to make out and list a broad set of direct and indirect 
effects of a project as many as possible. It offers a checklist for analysts to separate 
the more important factors for further research (Carpenter & Dixon, 1985). The 
quantification stage attempts to quantify all the relevant costs and benefits of a 
project. The next-to-the-last and most essential stage is the valuation stage in which 
effects are expressed in monetary terms. For traded goods and service, Gittinger 
(1972) indicates that the best approximation of their 'true economic values' is their 
market prices even though the market condition is not perfect. On the other hand, 
environmental items are sometimes valued with the aid of non-market valuation 
techniques such as the contingent valuation method and the surrogate market 
approach (Georgiou et al” 1997). Opportunity costs are used instead. Finally, in the 
evaluation stage, streams of costs and benefits are compared and discounted so as to 
determine the net present value. 
4.2.3 Identification and Valuation of Costs 
Direct costs are the costs viewed from an individual perspective. They are 
typically divided into investment costs and operating costs. The former ones of this 
research were composed of the preparation and construction expenditures while the 
latter ones were the costs of fertilizers and mulching. For labour inputs, since no data 
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of labour amounts of each experimental plot were collected in this analysis, we could 
not calculate the labour costs and inevitably assumed the marginal value product of 
labours was equal to zero. 
One of the key characteristics of cost-benefit analysis is the identification and 
valuation of indirect effects. In this study, three kinds of physical changes were 
considered. They were soil loss, runoff and the variation of nitrogen (N), phosphorus 
(P) and potassium (K) within soils. To offer monetary values for these indirect effects, 
the replacement cost approach was adopted. This approach is based on the premise 
that the costs of putting back productive assets, which have been damaged by human 
activities such as pollution or improper management, are assessed (Kim & Dixon, 
1986). We, therefore, had to find out the amounts of one-year loss and variation in 
order to work out the costs of physically replacing lost soils, supplementing 
additional water and restoring lost nutrients. In this analysis, the amount of nutrient 
budget change of 1995-96 was based on the experimental results of Mo (1997) while 
the others including nutrient variation of 1996-97 and 2002-03 as well as runoff and 
soil loss of the three periods were provided by the Huazhong Agricultural University. 
All the values of direct and indirect effects were assumed to be consistent during the 
designated period of the analysis. 
Generally speaking, indirect effects can be divided into on-site effects and 
off-site effects. Apart from the above-mentioned on-site effects within the 
experimental plots, there are actually many effects of soil erosion occurring in the 
valley. They include siltation of roadways and channels, undermining of pavements, 
earth dam destruction, eutrophication of watercourses, reduction of reservoir storage, 
loss of wildlife habitats, flooding, damage to public health as well as crop burying in 
lowlands (Gray & Leiser, 1989). However, since quantitative information of these 
effects was not available at the time of analysis performed and many externalities are 
practically impossible to be quantified and valued (Dasgupta et al., 1972), they were 
not examined in the current study, and the cost-benefit analysis was thus limited at a 
farm-level approach. Yet, one should not minimize the importance of off-site effects. 
As a substitute of valuation, precise and qualified descriptions of off-site effects can 
provide the estimates and elucidate the situations of the real world. 
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4.2.4 Identification and Valuation of Benefits 
Yields of wheat and soybeans were recognized as direct benefits. Green manure 
was the addition for those plots planted with contour hedgerows. To quantify and 
value these benefits, the weight of grain yields and green manure was measured. It, 
to a certain extent, can reflect the fertility and water holding capacity of soils because 
yields are in greater amounts only if land productivity is higher (Tjemstrom, 1992). 
Except the crop outputs of 1995-96 that were based on Mo's (1997) findings, all the 
data required for the quantification of benefits were obtained from the Huazhong 
Agricultural University. 
4.2.5 Discount Rate 
Most costs and benefits such as maintenance and operating costs do not incur 
immediately but over time, perhaps one year or even decades. It is, therefore, 
necessary to make the future effects commensurable with the present ones by 
discounting all future dollars into present value equivalents as a common unit of 
measurement (Anderson & Settle，1977; Irvin, 1978). Normally, real social discount 
rates are incredibly complicated to be recognized even if they have been extensively 
discussed in much theoretical literature. Probably because of this reason, a consistent 
rate is adopted in most case studies. Bojo (1992) specifies that using a consistent rate 
will not generate crucial problems if projects under investigation are in the same 
region or country. 
In this analysis, costs and benefits were expressed in the constant price of 2003 
and stated in Renminbi {yuan). Their values were assumed to fall at a constant rate, 
says 10%. For further comparison, 5% and 20% discount rates were also used in the 
sensitivity analysis. 
4.2.6 Time Horizon 
Time horizon is another element of cost-benefit analysis. Similar to discount 
rates, it is assigned arbitrarily without any explanation in most studies reviewed. 
Nevertheless, as indicated by Bojo (1992), time horizon of small-scale projects is 
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mainly about 10-20 years. Accordingly, a 15-year period was selected in this 
cost-benefit analysis. 
4.2.7 Cost-benefit Criterion 
To understand which combination of soil conservation measures is more 
economically attractive than others, net present values (NPVs) were calculated in this 
study. Anderson and Settle (1977) indicate that if the projects under investigation are 
independent of one another or the superior one is going to be selected, using NPVs 
can give people a more desirable result. Since one of the study objectives is to 
evaluate the economic viability of soil conservation methods that were not mutually 
exclusive, NPVs are an appropriate criterion for the present analysis. 
NPVs are the algebraic sum of present values of costs and benefits discounted at 
a stated rate (Anderson & Settle, 1977; Irvin, 1978). A soil conservation practice is 
economically acceptable if the balance is positive and vice versa. Equation 4-1 is the 
estimation of NPVs. In this formula, NPV is the net present value; Bn is the total 
benefits of year n; Cn is the total costs of year n; n is the relevant year; and r is the 
discount rate. To determine the net value of a single year, the difference between 
costs and benefits is calculated. It is then discounted by the present value factor of 
1/(1 + r)n and summed up for the entire period of time. 
仰 V = C„] (4-1) 
t r L ( i + r ) " _ 
4.3 Results and Discussion 
4.3.1 Investment Costs and Operating Costs 
Except C, other experimental plots comprised different combination of soil 
management measures. Investment costs were the costs of Vetiveria zizanioides, 
whilst operating costs were inclusive of the annual expenses of synthetic chemical 
fertilizers, swine manure and mulching. The details are listed in Table 4.2. 
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Table 4.2 Investment costs and annual operating costs of the trial plots (yuan/m^). 
Soil management systems 
Components Prices C H HO H I H I M HIOM 
Vetiveria 
zizanioides a yuan/sQedling -0.00 -0.11 -0.11 -0.11 -0.11 -0.11 
Total investment c o s t s ^ ^ T T I - 0 . 1 1 
Ammonium 
bicarbonate b 03S yuan/kg 0.00 0.00 0.00 -0.03 -0.03 -0.03 
Calcium 
superphosphate b 030 yuan/kg 0.00 0.00 0.00 -0.02 -0.02 -0.02 
Swine manure e 0AO yuan/kg 0.00 0.00 -0.22 0.00 0.00 -0.22 
Rice stubble d 030 yuan/kg 0.00 0.00 0.00 -0.00 -0.15 -0.15 
Total operating c o s t s ^ - 0 . 2 2 - 0 . 0 5 - 0 . 2 0 - 0 . 4 2 
Notes: 
a 57 seedlings of Vetiveria zizanioides were transplanted in the designated plots. 
^The annual amounts of ammonium bicarbonate and calcium superphosphate were 1.5 kg separately. 
e 44 kg of swine manure was applied as organic manure. 
d 10 kg of rice stubble was put on the plots for mulching. 
4.3.2 Replacement Costs 
The variation of N, P and K in different years, representing the change of 
nutrient budget resulting from soil erosion, was identified to determine the 
replacement cost of nutrient depletion. According to the replacement cost approach, 
Equations 4-2, 4-3 and 4-4 shown below are the calculation of these environmental 
consequences. 
replacement cost of N = change of N content x 
market price of N fertilizers (4-2) 
replacement cost of P = change of P content x 
market price of P fertilizers (4-3) 
replacement cost of K = change of K content x 
market price of K fertilizers (4-4) 
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In this study, samples were obtained to determine the net changes of total 
Kjeldahl nitrogen (TKN), total P and exchangeable K within the soils of trial plots. 
To facilitate the calculation of replacement costs, urea (46.4% N), calcium 
superphosphate (12.0% P2O5) and potassium sulphate (50.0% K2O) were used to 
represent NPK fertilizers respectively. Their market prices and nutrient content were 
gathered from the fertilizer shops in Zigui City. It should be reminded that the prices 
adopted in this analysis are a little bit lower than what a farmer actually pays because 
transport costs are not included. Furthermore, Kejela (1992) remarks that not all the 
soil nutrients lost can be restored by synthetic chemical fertilizers because 
acidification and loss of structure are undergoing within eroded soils, and nutrient 
supplementation to crops will subsequently become less effective. Hence, the 
replacement cost approach should be simply regarded as an economic tool for impact 
quantification. 
In an effort to explore the amount of soil loss, measurements were directly made 
from the tanks of the trial plots during natural rainfall. As suggested by local people, 
the cost of 1-kg soils was about 0.20 yuan (Anonymity, personal communication). 
Equation 4-5 reveals that the cost of soil loss equals the gross weight of soils 
consumed. 
replacement cost of soils = soil loss x 
market price of soils (4-5) 
Likewise, the cost of runoff was calculated according to Equation 4-6. Aside 
from commercial irrigation, precipitation is another natural source of water 
supplementation. In the study administrated by Kim and Dixon (1986) in South 
Korea, the proportion of irrigated water to total supplementation is considered as 
one-third. Since the climatic conditions of both Zigui County and South Korea 
belong to subtropical, we modeled on this analysis and adopted the same proportion 
for computation. 
replacement cost of water = runoff x 
water charge of Zigui x Vs (4-6) 
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There is actually no formal market of irrigated water in the study area. Hence, 
the water charge of Zigui County was applied. It was about 1.50 yuanlion. As the 
units of runoff measured (m^) and water purchased (ton) were not the same, water 
loss had to be multiplied by the factor of 0.9842 converting volume to weight. In 
addition, not all the slope runoff can be used for plant growth. This may cause an 
overestimation of the replacement cost of water, and readers so should bear this 
problem in mind when analyzing the findings. 
In-situ experiments were conducted in 1995-96, 1996-97 and 2002-03. Between 
years, the climatic conditions of Zigui such as precipitation were fairly different. For 
instance, the difference of measured total precipitation between 1995-96 and 2002-03 
was about 433.50 mm. Using the data of a single year will cause either 
overestimation or underestimation of replacement costs. Instead, to make the results 
more representative, we averaged the data of these three years. Tables 4.3 and 4.4 
below, correspondingly, present the summaries of the environmental consequences of 
soil erosion as well as the aggregate replacement costs incurred annually of the six 
trial plots. 
Table 4.3 Environmental consequences of soil erosion of the trial plots. 
Soil management systems 
Years Components Units C H HO H I H I M HIOM 
1995-96 TKN ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 3 4 ^ 
Total P kg -0.04 -0.08 0.13 0.13 0.25 0.25 
Exchangeable K kg -0.04 -0.14 0.13 0.03 0.02 0.26 
Soil kg -6.05 -6.66 -0.68 -0.89 -0.73 -0.27 
Water m^ -3.11 -4.02 -1.59 -1.19 -2.06 -1.16 
1996-97 TKN kg 1.48 Z49 I M 2 M L ^ 
Total P kg 0.19 0.08 1.62 1.97 1.11 2.42 
Exchangeable K kg 0.25 0.25 0.06 0.20 0.31 -0.03 
Soil kg -8.96 -6.68 -2.97 -4.07 -5.34 -1.34 
Water m^ -4.50 -4.29 -3.24 -3.59 -3.92 -2.27 
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Table 4.3 Environmental consequences of soil erosion of the trial plots. (Cont'd) 
Soil management systems 
Years Components Units C H HO HI HIM HIOM 
2002-03 TKN ^ ^ ^ A 3 4 ^ ^ T 3 4 T M - 0 . 9 9 
Total P kg -2.32 -0.77 0.26 1.13 0.25 1.08 
Exchangeable K kg -0.04 -0.01 0.34 0.29 0.22 0.31 
Soil kg -16.39 -12.56 -3.41 -7.52 -9.74 -1.08 
Water m^ -1.70 -1.66 -1.21 -1.49 -1.50 -0.85 
Average TKN kg ^ ^ - 0 . 2 9 - 0 . 2 7 ^ ^ ^ 
Total P kg -0.72 -0.26 0.67 1.07 0.54 1.25 
Exchangeable K kg 0.06 0.03 0.17 0.17 0.18 0.18 
Soil kg -10.46 -8.64 -2.35 -4.16 -5.27 -0.89 
Water m^ -3.10 -3.32 -2.01 -2.09 -2.49 -1.42 
• 2 Table 4.4 Annual replacement costs of the trial plots (yuan/m ). 
Soil management systems 
Components Prices C H HO H I H I M HIOM 
TKN 3.23 yucuAg ^ ^ o T l T — " - 0 . 1 8 - 0 . 0 5 - 0 . 0 4 - 0 . 0 2 ^ 
Total P 5.73 yuanl^ig -0.21 -0.07 0.19 0.31 0.15 0.36 
Exchangeable K A3Ayuanrk.g 0.01 0.01 0.04 0.04 0.04 0.04 
Soil 020yuanrk.g -0.10 -0.09 -0.02 -0.04 -0.05 -0.01 
Water \.50yuanlXon -0.08 -0.08 -0.05 -0.05 -0.06 -0.04 
Total replacement c o s t s ^ ^ - 0 . 4 9 ^ ^ oTTl UYl ^ 
4.3.3 Benefits 
The grain and non-grain portions of wheat and soybeans were the direct benefits 
of the cost-benefit analysis. Equations 4-7 and 4-8 below are the calculation of crop 
values. 
grain value = (yields of wheat x market price of wheat) + 
(yields of soybeans x market price of soybeans) (4-7) 
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non-grain value = (crop residue of wheat x value of crop residue) + 
(crop residue of soybeans x value of crop residue) (4-8) 
Crop prices are seasonally varied because they are shaped by the factors of 
demand and supply. In this study, the market prices of wheat and soybeans were the 
mean of summer prices and winter prices, around 0.84 yuanlk% and 2.80 yuanlk.g 
respectively. For crop residue, it was assumed to be applied as mulching and was 
0.2)0 yuanlk%. 
Additionally, the residue of contour hedgerows was applied as green manure for 
nutrient restoration. Similar to the calculation of replacement costs, data of the three 
years were averaged because the seedling amounts of wheat and soybeans may be 
different between years. Equation 4-9 states the computation of green manure values, 
and Tables 4.5 and 4.6 sum up the quantities and benefits of crops produced and 
green manure generated. 
green manure value = yield of green manure x 
market price of green manure (4-9) 
Table 4.5 Crop yields and green manure of the trial plots. 
Soil management systems 
Years Components Units C H HO H I H I M HIOM 
1995-96 Wheat (grain) kg 0 8 0 3 ? W L 7 0 3 J 0 
Soybeans (grain) kg 1.19 0.94 2.73 2.90 1.92 1.32 
Wheat (non-grain) kg 1.00 0.72 2.65 1.03 1.60 3.40 
Soybeans (non-grain) kg 0.34 0.53 4.11 2.26 2.19 5.70 
Green manure kg 0.00 20.10 24.00 20.90 17.30 18.00 
1996-97 Wheat (grain) kg ” ” ^ ^ 2 M L ^ ^ 
Soybeans (grain) kg 3.20 3.60 6.00 4.20 4.00 6.50 
Wheat (non-grain) kg 0.90 1.00 2.40 1.70 1.10 3.00 
Soybeans (non-grain) kg 0.04 0.05 0.25 0.15 0.13 0.35 
Green manure kg 0.00 26.30 29.10 26.00 23.40 23.20 
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Table 4.5 Crop yields and green manure of the trial plots. (Cont'd) 
Soil management systems 
Years Components Units C H HO H I H I M HIOM 
2002-03 Wheat (grain) ^ ^ L 7 1 O o ^ 
Soybeans (grain) kg 0.62 0.48 1.19 1.68 1.43 1.54 
Wheat (non-grain) kg 2.08 1.51 6.74 10.10 8.80 11.73 
Soybeans (non-grain) kg 3.05 1.70 5.80 6.45 6.00 6.95 
Green manure kg 0.00 23.40 26.40 23.10 19.50 20.60 
Average Wheat (grain) kg ^ o ! ^ ^ 4 3 L ^ L ^ 3 ? [ 2 
Soybeans (grain) kg 1.67 1.67 3.31 2.93 2.45 3.12 
Wheat (non-grain) kg 1.33 1.08 3.93 4.28 3.83 6.04 
Soybeans (non-grain) kg 1.14 0.76 3.39 2.95 2.77 4.33 
Green manure kg 0.00 23.27 26.50 23.33 20.07 20.60 
Table 4.6 Annual benefits of the trial plots (yuan/m ). 
Soil management systems 
Components Prices C H HO H I H I M HIOM 
Wheat (gram) OM yuan/kg O ^ o T ^ K u 
Soybeans (grain) 2.SO yuan/kg 0.23 0.23 0.46 0.41 0.34 0.44 
Wheat (non-grain) 0.30 yuan/kg 0.01 0.02 0.06 0.06 0.06 0.09 
Soybeans (mom-grain) 030 yuan/kg 0.02 0.01 0.05 0.04 0.04 0.06 
Green manure 0.20 yuan/kg 0.00 0.23 0.27 0.23 0.20 0.21 
Total b e n e f i t s ^ ^ 0 9 3 
4.3.4 Net Present Values (NPVs) 
Given the data presented in the previous sections, as listed in Table 4.7, the 
NPVs of the six soil management systems were in a descending order of HI, HIOM, 
HO, HIM, H and C over 15 years with a 10% discount rate. Only C had a negative 
NPV, signifying that misallocation of resource occurs in this unprotected plots under 
the condition analyzed. The divergence between the most economically feasible 
measure and the least one was 8.81 yuan/m^, as well. 
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Table 4.7 NPVs of the trial plots {yuanlm^). 
Soil management systems 
Years C H HO HI HIM HIOM 
1 ^ ^ ^ ^ 040 ^ 
2 -0.16 0.09 0.69 0.80 0.45 0.76 
3 -0.15 0.08 0.62 0.73 0.41 0.69 
4 -0.14 0.08 0.57 0.67 0.38 0.63 
5 -0.12 0.07 0.52 0.60 0.34 0.57 
6 -0.11 0.06 0.47 0.55 0.31 0.52 
7 -0.10 0.06 0.43 0.50 0.28 0.47 
8 -0.09 0.05 0.39 0.45 0.26 0.43 
9 -0.08 0.05 0.35 0.41 0.23 0.39 
10 -0.08 0.04 0.32 0.38 0.21 0.36 
11 -0.07 0.04 0.29 0.34 0.19 0.32 
12 -0.06 0.04 0.27 0.31 0.18 0.29 
13 -0.06 0.03 0.24 0.28 0.16 0.27 
14 -0.05 0.03 0.22 0.26 0.14 0.24 
15 -0.05 0.03 0.20 0.23 0.13 0.22 
Total T m ^ 730 ^ 
Not surprisingly, C had the lowest NPV of -1.51 yuan/m because the soil 
erosion problem is severe if no soil conservation measure is implemented. As a result, 
it involved the highest replacement costs that were about 0.90 yuan/m^ greater than 
those of HIOM. Albeit this without-management scenario incurred no investment 
cost and operating cost, their sum was not large enough to offset the extremely high 
replacement costs, and C thus will be rejected in the selection process owing to the 
negative NPV. 
With the aid of contour hedgerows, the economic performance was improved 
slightly. Among the six experimental plots, H was ranked fifth with a NPV of 0.75 
7 2 
yuan/m . Yet, as indicating by the high replacement costs of 0.41 yuan/m and the 
low benefits of 0.52 yuan/m^, contour hedgerows alone seem not to be an effective 
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soil-conserving and fertility-improving method. Besides, it is interested to note that 
crop values (grain and non-grain portions) of H were a little bit lower than those of C 
by 0.006 yuan/m probably because there is keen competition of nutrients and soil 
moisture between hedgerows and crops nearby. In the study of Zhang et al. (1989), it 
is revealed that less water is available for the adjacent crops of Amorpha fruticosa. Li 
(2001a) also points out that yield reduction is obvious in the alleys of Paulownia 
elongata and Caragana korshinskii. Carter (1995) has similar observations and 
suggests that small application of fertilizers is recommended for soil enrichment. In 
short, hedgerows are not worth planting unless other agricultural inputs are merged. 
Comparing with H, an annual expense of organic manure of 0.22 yuan/w? was 
additionally needed for HO. Notwithstanding the second highest operating costs, HO 
was more appealing than H in an economic sense. It is because by using 44 kg of 
swine manure, the values of crops produced and green manure generated were 0.68 
2 2 . yuan/m and 0.27 yuan/m respectively, much higher than the total benefits of H. 
Subsequently, HO was ranked third in the list of NPVs. 
Between HI and HO, land productivity of the former one was slightly poorer 
because its total benefits were lower than those of the latter one by 0.13 yuan/m . 
However, since the annual expenditures of ammonium bicarbonate and calcium 
superphosphate were the quarter of those of swine manure, the NPV of HI became 
higher than that of HO, approximately 7.30 yuan/m in total. More importantly, HI 
was the top of this cost-benefit analysis, indicating that it is the best option among 
the six alternatives from an economic viewpoint. Although HI was more 
economically feasible than HO, we should not mistakenly interpret the findings as a 
supportive argument for the absolute use of mineral fertilizers. Overuse of synthetic 
fertilizers will undoubtedly cause the deterioration of natural systems such as nitrite 
toxicity in the water and build-up of heavy metals (Ahmed, 1995). They are also less 
capable of restoring micronutrients to soils (Moss et al； 2002). On the contrary, 
adding organic manure alone is not a good substitute due to huge quantities required. 
For these reasons, integrated usage of inorganic fertilizers and organic manure at 
reasonable and rational amounts is an appropriate way to amend soil fertility and 
raise land productivity. 
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Mulching is regarded as an effective soil-conserving method. It helps minimize 
evapotranspiration loss and protect the topsoil from rain splash (Ghinassi & Neri, 
1998). It is not the case in this study, however. Though HIM was covered with 10 kg 
of rice stubble, its replacement costs amazingly were 0.15 yuanim higher and total 
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benefits were 0.12 yuanim lower when compared with HI. The possible reason is the 
use of rice stubble would rapidly widen the C:N ratio and cause the competition of 
TKN between microorganisms and crops (Mo, 1997). In consequence, the NPV of 
HIM was 4.08 yuanim , ranking fourth in the analysis. 
Although HIOM was described as the most environmentally effective soil 
conservation approach and incurred the least replacement costs, it was just the 
second best plot in the present analysis owing to awfully high investment and 
operating costs. The combination of contour hedgerows, chemical fertilizers, organic 
manure plus mulching produced the cash expenses of 0.54 yuanim , leading to a 
NPV of 6.90 yuan/m. This case reveals that an environmentally sustained 
agricultural system is not necessarily an economically justified one, together with 
striking a balance between erosion control and profit generation is very important to 
sustainable agriculture and innovation adoption. 
4.3.5 Sensitivity Analysis 
Since perfect information does not exist in the real world, certain degree of 
uncertainties such as the estimations of future costs and benefits is involved in 
cost-benefit analysis (Bojo, 1992). To alleviate this limitation, sensitivity analysis 
was conducted against different discount rates, namely 5%, 10% and 20%. The time 
horizon was still assumed to be 15 years. As presented in Table 4.8，it is found that 
the order of NPVs did not change regardless of discount rates. HI was ranked top in 
the list again, followed by HIOM, HO, HIM, H and C in sequence. Nonetheless, 
when the discount rate increased, less weight was put on distant benefits while more 
weight was on future costs. The divergence of NPVs between plots thus became 
narrower. For instance, the NPV of HI was greater than that of C by 12.06 yuanlvc? at 
a 5% discount rate, but only by 5.39 yuanirn at a 20% discount rate. Such change 
may affect people's decisions of hedgerow implementation when non-monetary 
factors are considered. In other words, people might prefer other practices to HI at a 
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20% discount rate but not at a 5% discount rate if they find social benefits involved 
surpass economic benefits. 
Table 4.8 NPVs of the trial plots at various discount rates over 15 years {yuanim ). 
Soil management systems 
Discount rates C H HO HI fflM HIOM 
^ - 2 . 0 6 LO^ ^ 1 0 . 0 0 ^ ^ 
10% -1.51 0.75 6.22 7.30 4.08 6.90 
20% -0.93 0.43 3.79 4.46 2.48 4.21 
4.4 Conclusion 
Under the assumptions of a 10% discount rate and 15 years, the NPVs of the six 
trial plots were in a descending order of HI, HIOM, HO, HIM, H and C. The least 
NPV of C signifies that soil erosion can bring serious economic loss if the problem is 
not properly addressed. Although H was planted with hedgerows, its NPV was still 
very low. Worse still, nutrient and moisture competition between hedgerows and 
crops nearby probably resulted in the lowest yields of H. After applying synthetic 
fertilizers or swine manure, the economic viability was much improved. HI topped 
the list and HO was the third highest. Though the combination of hedgerows and 
chemical fertilizers was found to be the most economically attractive, farmers are not 
encouraged to use chemical fertilizers only. Rather, applying inorganic and organic 
fertilizers together is effective in amending soil properties. HIM had a lower NPV 
than HI, indicating that mulching practically did not offer obvious benefits in 
protecting topsoil and minimizing evapotranspiration in the present analysis. The 
results of HIOM, furthermore, show that the most ecologically sustained measure is 
not necessarily the most economically viable measure owing to the incredibly high 
investment and operating costs of contour hedgerows, chemical fertilizers, organic 
manure and mulching. 
Every analytical technique has its own strengths and weaknesses. Although 
cost-benefit analysis helps evaluate the economic viability of an activity, the tool 
itself is controversial in academic fields other than economics to some extents. Bojo 
(1992) reviews 20 empirical studies of soil and water conservation projects and 
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summaries that cost-benefit analysis has many drawbacks including unethical 
monetary measurement, overemphasis of variable quantification, incorrect 
assumption of rational use of economic results for decision-making and so forth. 
Some scholars thus question its applicability (Bojo, 1992), and criticize it cannot 
realistically mirror the actual situation. 
On the other hand, cost-benefit analysis, which helps internalize environmental 
effects, would facilitate decisions to some extents (Carpenter & Dixon, 1985). It 
provides policymakers with more inputs to draw a better conclusion in hedgerow 
diffusion. Nonetheless, since sustainable agriculture is an integration of 
environmental, economic and social benefits (Qu et al., 1998), the present findings 
can just act as an aid in a decision-making process. They are not conclusive and 
cannot offer a predictive understanding of farmers' adoptive behaviours that are 
detemiined by multiple factors. More data should have to be collected than what are 
currently available. For a more detailed explanation of social acceptance and 
implementation of hedgerow intercropping in monetary aspects, therefore, a 




A Questionnaire Survey of 
the Comparative Performance of Various Farming Systems 
5.1 Introduction 
The research focus of integrated farming systems is mainly their effectiveness in 
erosion control and fertility enhancement. Very few papers intend to identify the 
motivations of farmers' attitudes to and actions in soil conservation issues (Beedell & 
Rehman, 1999). Although previous cost-benefit analysis has concluded that the 
combination of contour hedgerows and chemical fertilizers was the most 
economically feasible, it does not help elucidate the adoptive behaviours of local 
people because the findings were based on the data collected from on-station 
experiments. Also, from an individual perspective, decision makers in the private 
sector seldom put environmental costs and benefits in the balance sheet 
(Kuyvenhoven et al., 1998). These costs are somehow invisible to them, and farmers 
are only concerned about revenues and expenses as well as the resultant net profits of 
an operation instead. 
Not surprisingly, profit maximization is a major interest of farmers (Ruben et al., 
1998). Numerous research studies indicate that revenues are one of the most 
important factors villagers consider when implementing new agricultural methods. If 
a farming system is effective at conserving moisture and nutrients but is not able to 
make money, it will not appeal to the masses. Hedgerow diffusion, likewise, will not 
be successful if financial advantages are less involved. 
Even if the economic viability of contour hedgerow intercropping has been 
verified, it does not mean that this bioengineering measure is more financially 
attractive than other methods. In the past cost-benefit analysis, it merely made 
comparison between different practices of hedgerows without any consideration of 
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terracing systems. In actuality, farmers will compare hedgerows with their existing 
agricultural practices. It seems that inter-comparison between hedgerows and other 
farming methods is also necessary and meaningful for promoting contour hedgerows 
in Zigui County. 
Agriculture has flourished in Zigui and occupies an important position in the 
economy. There are currently four farming systems, namely flatlands, sloping 
croplands, level terraces and contour hedgerows. Their area more or less totaled 4.67 
W , 243.04 W , 89.94 km^ and 7.00 W respectively in 2002 (Xu, personal 
communication). Sloping croplands and level terraces are the main cultivation 
practices while flatlands are less widespread due to precipitous relief and the uprising 
of water level. Hedgerows are relatively uncommon because they are a new farming 
system brought in at the farm level since 1998. 
To accelerate the pace of hedgerow adoption, in addition to economic viability, 
scientists and officials should consider the current and future financial positions of 
hedgerows as well as other existing farming systems from an individual standpoint. 
With the intension of understanding their costs, benefits and net profits, results 
obtained from the questionnaire survey will provide answers to the following 
research questions of this chapter: 
1. What are the net returns of the four agricultural practices? Which 
one has the highest and which one has the lowest? 
2. What are the factors affecting the amounts of net returns? Is there 
any means to increase profits? 
3. What are the expenses of chemical fertilizers, organic manure and 
labours applied to each system? How do these inputs affect 
hedgerow adoption? 
4. Will the nature and designs of fanning methods influence the 
variation in inputs and outputs? 
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5. Does hedgerow intercropping have lower inputs or higher outputs 
than other existing systems do? Is this soil-conserving system 
financially superior to the alternatives? 
5.2 Methodology 
5.2.1 Sampling Method 
To acquire data about household expenditures on and incomes from family 
farming production, a survey was jointly performed in Zigui by the staff of the Water 
and Soil Conservation Bureau, professors and undergraduates of the Huazhong 
Agricultural University as well as the author. A pilot study was firstly done, and 
revision was then made in certain parts of the questionnaire. The survey was 
undertaken from 10 July 2003 to 26 July 2003. 
On the basis of convenience sampling, the questionnaires were firstly 
distributed to the town and township representatives in Zigui City, and then these 
representatives further re-distributed them to other village cadres. Subsequently, a 
total of 1,237 questionnaires were randomly delivered to the households living in 
five towns (Guizhou, Guojiaba, Maoping, Quyuan and Yanglinqiao) and three 
townships (Moping, Shuitianba and Xietan). These households were sampled 
because they had sloping croplands, stone terraces, earth terraces or contour 
hedgerows that were the target farming systems of this research. In addition, the 
selection of surveyed areas was in light of the availability of staff, the accessibility 
and safety of towns and townships and the location of hedgerow intercropping. 
Interviewers visited respondents and conducted the survey face-to-face with the aid 
of structured questionnaires. The language spoken was Mandarin, sometimes with a 
Zigui accent. 
5.2.2 Questionnaire 
The questionnaire consisting of 37 questions was divided into four parts. Part 
One concerned the basic information about respondent's croplands, including type, 
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length of adoption, nature and size. Parts Two and Three, which were the body of the 
structured questionnaire, were about inputs and outputs associated with the practices. 
Inputs considered were the annual amounts of pesticides, chemical fertilizers, organic 
manure, gypsum, lime, bone meal, sulphur, irrigation, labour inputs and seedlings. 
Outputs were measured as annual yields. Recurrent expenditures and incomes were 
also taken into account. Part Four included the personal characteristics of family 
members such as names, age, sex and educational attainments. A sample of the 
questionnaire is attached as Appendix I. 
Similar socioeconomic survey of agriculture had been performed in Zigui in 
1996 (Mo, 1997). Different from present study, the target farming systems of Mo's 
thesis (1997) were flatlands, sloping farmlands and terraced fields. Hedgerows were 
not included because they had not yet been spread throughout the County at that 
moment. He, therefore, made comparison between the survey findings and the 
performances of contour hedgerows gathered from the experimental plots for 
production efficiency analysis. Indeed, on-fami conditions were highly unalike 
on-station conditions as the inputs of the latter ones were controlled by technicians at 
a specific level for scientific purposes. They both were not strictly comparable, and 
the results may be somehow biased. To solve this problem, the present questionnaire 
survey would contain contour hedgerows as one of the target systems together with 
more parameters for a more comprehensive investigation. 
In this research, respondents were asked about their agricultural incomes and 
expenditures within the designated period from 1 July 2002 to 30 June 2003. Given 
that Zigui farmers were not used to keeping financial records about their farming 
activities, entries of the questionnaires were subject to memory errors. Yet, since 
there was no alternative way to obtain the data required, questionnaire surveys were 
the most appropriate data source at the moment the study conducted. 
5.2.3 Analytical Technique 
Partial budget technique and descriptive statistics of simple proportions and 
percentages were applied for data analysis. Data and information from published 
studies were also used where available. Hypothetically, the systems were treated as a 
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single project established in the study area because it helps facilitate the calculations 
of inputs and outputs as well as net returns accruable to each agricultural system. 
5.3 Results and Discussion 
5.3.1 Background of Households and Fanning Systems 
1,191 questionnaires were eventually gathered, constituting 0.93% of 128,732 
rural households in Zigui (Statistics Bureau of Yichang City, 2003). Of these, 42 
were invalid as missing data were found in the body of questionnaires. Generally, 
23.59% of the questionnaires were finished in Guojiaba, 16.97% in Yanglinqiao, 
16.19% in Maoping, 14.10% in Guizhou, 10.70% in Shuitianba, 10.36 in Quyuan, 
8.01% in Xietan and 0.09% in Moping. The proportions in Guojiaba, Yanglinqiao 
and Maoping were much higher because they have larger areas of cultivated lands. 
Table 5.1 provides basic information about the eight surveyed areas. 
Table 5.1 Basic information about the eight surveyed towns and townships. 
Towns Townships 
^ C d K j f i O r ^ C ^ f i 
：^ - a -S g .妄 - a 
—Area ( k m勺3 1 3 . 0 0 235.00 215.00 193.24 101.35 209.93 145.00 141.00 
Villages 
20 14 12 18 11 25 13 12 
Households 16,490 9,308 7,268 30,641 10,247 10,859 4,844 3,766 
Population 53,716 28,329 21,463 77,597 29,990 36,902 15,940 12,976 
Cultivated 
area (km^) 300.8 303.0 152.5 179.9 101.0 163.2 109.0 133.0 
Per capita 
net income 
{yuan) 1,900 1,648 1,765 2,150 1,989 1,646 1,615 1,645 
(Source: Statistics Bureau of Yichang City, 2003) 
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As summarized in Table 5.2, the average farmland per household was 2,426.79 
m^. Three-person households were the majority, around 37.60% of the total, followed 
by four-person household (23.67%), two-person household (21.41%) and single 
household (10.53%). Nearly 99% of household heads were men, and their average 
age was 44. Respectively, 37.60% and 57.09% of them had received primary and 
secondary education. 
Table 5.2 Socioeconomic characteristics of the households sampled (N= 1,149). 
Parameters Units 
Mean area of household croplands m^ 2,426.79 
Mean household size Numbers of persons 2.96 
Mean age of household heads Years 43.99 
Gender of household heads 
Males % 98.69 
Females % 1.31 
Education levels of household heads 
No schooling % 3.92 
Primary % 37.60 
Secondary % 57.09 
Post-secondary and above % 1.39 
Sloping croplands, stone terraces, earth terraces and contour hedgerows were 
the target systems of this questionnaire survey. In most situations, Zigui people were 
in possession of at least two farming practices. Table 5.3 below reveals that 601 
households had two agricultural methods at the same time, and the combinations of 
'sloping croplands + stone terraces' (29.42%) and 'sloping croplands + earth terraces' 
(16.45%) were the most common. 466 households only had one system on their plots. 
The proportions were in a descending order of sloping croplands (22.19%), stone 
terraces (10.01%), earth terraces (6.18%) and contour hedgerows (2.18%). The 
remaining households had three and four agricultural practices on their family 
farmlands. 
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Table 5.3 Combinations of farming systems of the households sampled (N= 1,149). 
Combinations Households (%) 
One system Sloping croplands 255 (22.19%) 
Stone terraces 115 (10.01%) 
Earth terraces 71 (6.18%) 
Contour hedgerows 25 (2.18%) 
Two systems Sloping croplands + stone terraces 338 (29.42%) 
Sloping croplands + earth terraces 189 (16.45%) 
Sloping croplands + contour hedgerows 21 (1.83%) 
Stone terraces + earth terraces 50 (4.35%) 
Stone terraces + contour hedgerows 1 (0.09%) 
Earth terraces + contour hedgerows 2 (0.17%) 
Three systems Sloping croplands + stone terraces + 
earth terraces 77 (6.70%) 
Sloping croplands + stone terraces + 
contour hedgerows 4 (0.35%) 
Stone terraces + earth terraces + 
contour hedgerows 0(0.00%) 
Four systems Sloping croplands + stone terraces + 
earth terraces + contour hedgerows 1 (0.09%) 
Of the 1,149 households sampled, 77.02% reported that they had sloping 
croplands while 51.00%, 33.94% and 4.70% had stone terraces, earth terraces and 
contour hedgerows correspondingly. Such percentages were similar to the overall 
distribution of farming systems of the study area. Among the four agricultural 
practices, the average cultivated area for each household were all over 1,000 m， 
ranging from 1,020.05 m^ in hedgerows to 1,613.41 in stone terraces. Comparatively 
speaking, sloping croplands and level terraces had a longer history. Their average 
length of adoption was about 18-21 years. Contour hedgerows are an innovative 
soil-conserving technique in Zigui County. Local farmers, on average, had added this 
bioengineering measure into their existing sloping croplands rather than newly 
rehabilitated lands for no longer than three years. Both paddy fields and dry fields 
were found in terracing systems. However, owing to the nature of sloping croplands 
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and contour hedgerows, only dry fields can be observed in there. The details are 
reviewed in Table 5.4. 
Table 5.4 General information of the four fanning systems (7V= 1,149). 
Sloping Stone Earth Contour 
Parameters Units croplands terraces terraces hedgerows 
Sample size" % 77.02 51.00 33.94 4 7 0 
Mean field area per household m^ 1,613.41 1,300.07 1,393.40 1,020.05 
Mean adoption length years 21.48 18.28 20.74 2.98 
Paddy fields % 0.00 16.72 32.31 0.00 
Dry fields % 100.00 78.84 59.49 100.00 
'Paddy + dry' fields % 0.00 4.44 8.21 0.00 
Note: 
a As some households had more than one agricultural systems on their fields, the sum of sample size 
was thus greater than 100%. 
5.3.2 Net Returns 
Financial analysis is an instrument for assessing the current and future financial 
status of an activity (Ford, 1981; Yaffey, 1992). Different from cost-benefit analysis, 
it is viewed from an individual standpoint and only considers the expenses and 
incomes actually incurred and received by a farmer (Mehta & Leuschner, 1997). In 
this study, to facilitate data collection and the calculation of net returns accmable to 
each farming practice, we assumed the target systems as four separate agricultural 
projects and simplified the real situation by putting pesticides, chemical fertilizers, 
organic manure, gypsum, lime, bone meal, sulpfur, labours, seeds and maintenance 
work on the input side while yields on the output side. Agricultural taxes, interest, 
subsidies and transport costs were excluded because of data insufficiency. 
Over the designated financial period between 1 July 2002 and 30 June 2003, as 
demonstrated in Table 5.5, stone terraces were the best option for those seeking to 
maximize priced benefits even if stone ridges occupy 10% of fields (Li, 2001a). They 
had the highest aggregate expenditure but their income generated was also the 
highest, producing the greatest net return of 1.108 yuanim /year. For earth terraces, 
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by contrast, both income and expenditure were the lowest and thus their net return 
was 0.781 yuanlvc^lyQdiX, around two-third of stone terraces'. Suffice to say, the net 
returns of the four fanning systems were in a descending order of stone terraces, 
sloping croplands, contour hedgerows and earth terraces. 
Table 5.5 Financial analysis of the four farming systems {yuanim /year) {N= 1,149). 
Sloping Stone Earth Contour 
Parameters croplands terraces terraces hedgerows 
Outputs 
Non-citrus yields 0.280 0.305 0.525 0.033 
Citrus yields 1.216 1.414 0.679 1.328 
Total Incomes (A) 1.496 1.719 1.204 1.361 
Inputs 
Pesticides 0.082 0.143 0.065 0.074 
Chemical fertilizers 0.304 0.356 0.246 0.245 
Gypsum 0.000 0.000 0.000 0.000 
Lime 0.002 0.003 0.001 0.002 
Sulpfur 0.005 0.006 0.003 0.004 
Labour inputs 0.026 0.033 0.016 0.023 
Seeds 0.031 0.031 0.055 0.028 
Maintenance work 0.000 0.035 0.026 0.084 
Others (i.e. mulch) 0.009 0.005 0.011 0.000 
Total expenditures (B) 0.458 0.611 0.423 0.460 
Net returns (A-B) 1.038 1.108 0.781 0.901 
Net returns are influenced by numerous factors. Simply but principally, high 
profits can be obtained by cutting costs or expanding revenues. Among the four 
farming systems, the expenses were not largely varied, ranging from 1.204 
yuanim lyQdiX on earth terraces to \.1X9 yuanim /year on stone terraces. On the other 
hand, the difference in incomes was comparatively larger with the same ranking as 
net returns. Also, though the aggregate expenditures of sloping croplands and 
hedgerows were quite similar, the net return of the former one was higher than that of 
the latter ones by 0.137 yuanim lyQdi^ due to the significant variation of total incomes. 
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Overall speaking, the financial positions of agricultural practices are mainly 
determined by total incomes, and profit maximization is more effective than cost 
minimization for the objective of high net returns. 
With the intention of obtaining high incomes, fanners can certainly grow 
high-value and high-yield plants on their fields. In Zigui County, many villagers 
interviewed incorporated citrus trees in their cropping systems in either cluster 
patterns (taozuo) or strip patterns (jiazuo). This combination of perennial plants and 
annual crops is known as agroforestry that is a modem and improved land use system 
emerged in the late 1970s (Mercer & Miller, 1998). This method helps increase 
outputs qualitatively and quantitatively and minimize natural hazards and disasters 
(Erskine, 1991). For these reasons, Shen et al. (1995) believe that growing citrus 
trees is a good approach to attain sustainable agriculture and development in Zigui 
County. 
Citms trees constitute the backbone of the County's agricultural economy. 
Survey results show that stone terraces had the highest citms yields of 1.414 
yuaiilmlyQM, and therefore they topped the list of aggregate incomes. All the same, 
as this cash crop demands more pesticides and fertilizers than grain crops do, the 
expenses of pesticides, chemical fertilizers, lime, sulpfur and labour inputs were 
much higher on stone terraces. Anyhow, stone terraces were still the most financially 
profitable farming practice because their high incomes surpassed additional 
production costs. 
Although stone terraces had the highest citrus yields, farming practices 
themselves have very little influence on the variation of production. Rather, it could 
be the consequences of other factors. Firstly, there are many types of citms in Zigui 
County. Some of them are of high quality and worth a higher selling price. Farmers 
can thus make more profits if they grow these high-quality citms trees on their 
cultivated lands. Secondly, planting densities of citms trees are another factor of 
yield variation. More outputs are certainly resulted when more seedlings are grown 
as well as villagers plant citms trees in a more intensive pattern. Thirdly, if more 
croplands are devoted to citrus production, citrus yields plus family incomes will 
become higher. In a word, the variation of citrus outputs is determined by cultivars of 
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citrus trees, planting densities and acreage devoted to citrus production instead of the 
nature of fanning systems. 
Regardless of high earnings of citrus production, it takes several years from 
initial seedling establishment to fruit production. In the investigation conducted by 
Shen et al. (1995), they remark that citrus cultivators need to bear net losses of 1.961 
yuan/m in total in the first two years since fruits have not yet become mature and 
salable. Similarly, the current survey results indicate that the net returns of contour 
hedgerows intercropped with citrus trees were often negative because citrus trees had 
been already planted for less than three years. Subsequently, hedgerow profitability 
would be underestimated, and readers should bear this matter in mind when 
analyzing the findings. 
Having said that, it is improper to convert the entire cultivated lands into citrus 
orchards in single patterns (danzuo)• Firstly, not all the environments of Zigui 
County are suitable for citrus production. It is better to plant them below an altitude 
of 600 m (Zigui Government, 1991). Secondly, growing citrus trees alone may result 
in less flexible distribution of workload over the course of year. Thirdly and more 
importantly, monoculture is equal to putting all eggs in one basket. Three 
respondents surveyed pinpointed that their citrus outputs diminished by around 70% 
on account of pest outbreaks. Accordingly, Li (2001a) states that an integrated 
farming system should go beyond small variation of agricultural production. 
Short-term profits are one of the driving forces of innovation adoption. In other 
words, farmers may reject to accept contour hedgerows if their financial advantages 
are relatively small, and the systems are not in step with their overriding values and 
norms. Survey findings reveal that the net return of hedgerows was ranked third, 
lower than that of sloping croplands by 0.137 yuan/m /year. It seems that hedgerow 
intercropping is inferior to sloping croplands in a financial sense. 
Does this low figure signify that hedgerows are a less productive land 
management system? Before answering these questions, we can first compare the 
outcomes of the cost-benefit analysis and the financial analysis. Or else, it would be 
too early to jump to any conclusion about the profitability of contour hedgerows. C 
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of the cost-benefit analysis is equivalent to sloping croplands of the financial analysis 
because they both were without-management farming methods. In the cost-benefit 
analysis, the economic performance of C was worse than that of other integrated 
fanning systems, while the results were opposite in the financial analysis. The reason 
is they are viewed from different points of view: social versus individual. Generally, 
the environmental costs of nutrient depletion, runoff and soil loss are ignored in the 
financial analysis, and the production cost of sloping croplands was thus undervalued. 
Therefore, although the net return of contour hedgerows was not as high as that of 
sloping croplands, this bioengineering measure is more environmentally sustainable. 
Besides, this questionnaire survey only involved the expenses and incomes 
between 1 July 2002 and 30 June 2003. Initial investment costs were excluded. Li 
(2001a) indicates that the construction costs of stone terraces are approximately 
1,500 yuanlhsi while that of hedgerow intercropping is much lower. The survey 
findings could not mirror this divergence as the Zigui government subsidizes farmers 
to build level terraces and prepare hedgerow fields. In other words, the net return of 
stone terraces was the highest but they are financially attractive only if there are 
subsidies from the State, as well as hedgerows that have low investment costs merit 
extension in the future. 
On the other hand, no matter whether the plots are grown with citrus trees or not, 
yield returns are sometimes not large enough to support farmers' livelihood. Among 
the 1,149 households surveyed, virtually all indicated that animal husbandry and 
fishing were their alternative income sources. They could sell pigs that cost 
approximately 350 少 f o r profits. As well, similar to other rural communities 
(Henderson, 1995), numerous Zigui households were supported by remittances from 
family members working in cities. Since farming activities play a less significant role 
in the livelihood of rural inhabitants, people's interest in switching to hedgerow 
implementation may be depreciated. 
5.3.3 Inputs of Inorganic Fertilizers and Organic Manure 
China is one of the largest fertilizer consumers in Asia. It, along with India, 
accounts for 77% of aggregate NPK consumption of the continent (Ahmed, 1995). 
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According to the statistics compiled by the Ministry of Agriculture (2002), the total 
national quantities of NPK fertilizers applied in 2001 were 21,641 thousand tons, 
7,057 thousand tons and 3,996 thousand tons respectively. These three nutrients not 
only are essential to vegetation growth but also serve plants in a variety of ways 
(Prasad & Power, 1997). 
Mineral fertilizers are the commonly preferred intensification of technology. 
o 
Since 1953, Zigui dwellers had added high-analysis fertilizers such as urea (46.4% 
N) and potassium sulphate (50% K2O) to their plots (Zigui Government, 1991). 
Sometimes, they also used boron fertilizers, NPK-compound fertilizers and 
citrus-specific fertilizers where necessary. As shown in Table 5.6, the quantities of N 
fertilizers used were the highest in all the four farming systems, almost triple of P 
fertilizers and 20 times of K fertilizers. This phenomenon is reasonable as N 
naturally is the most limiting element for plant growth in the study area (Zigui 
Government, 1991; Cai et al., 1996; Moss et al, 2002). 
Table 5.6 Fertilizer inputs of the four fanning systems (kg/m /year) (N= 1,149). 
Sloping Stone Earth Contour 
Parameters croplands terraces terraces hedgerows 
N fertilizers ‘ K T ^ 0.185 0.188 0.094 
P fertilizers b 0.068 0.065 0.066 0.046 
K fertilizers c 0.009 0.012 0.003 0.006 
Others d 0.093 0.118 0.058 0.095 
N:P:K ratios 1:0.4:0.1 1:0.4:0.1 1:0.4:0.0 1:0.5:0.1 
Notes: 
a N fertilizers are urea and ammonium bicarbonate. 
b P fertilizers are calcium superphosphate. 
e K fertilizers are potassium chloride and potassium sulphate. 
d Others are micronutrient fertilizers (i.e. boron fertilizers), NPK-compound fertilizers and 
citms-specific fertilizers. 
For contour hedgerows, the amounts of N fertilizers were nearly half of those 
used in other three systems, approximately 0.094 kg/m /year. Though the 
3 High-analysis fertilizers are the fertilizer containing more than 30% of total available nutrients. 
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respondents had not explained the reasons for their choices, we could logically 
suppose that it is because they know Amorpha fruticosa and Leucaena leucocephala 
can fix nitrogen through symbiosis with rhizobia. For example, the green manure of 
Leucaena leucocephala can provide 924 kg/ha of N but only 48 kg/ha of P and 504 
kg/ha of K to modify soil properties (Li et al, 1998). On the other hand, a rational 
combination of NPK fertilizers is important because it enhances land productivity as 
well as increases outputs dramatically. Worldwide, the general N:P:K ratios are in the 
interval of 1:0.4-0.5:0.4-0.5 (Li, 1998). Except for K, similar ratios were found in the 
four agricultural systems of the survey. They were about 1:0.4-0.5:0.0-0.1. Yet, this 
formulation of chemical fertilizers applied by fanners is certainly not appropriate for 
the conditions of soils because K was much on the lower side. It normally should be 
around 70% of N based on the purple soil condition of Zigui County. 
In addition to chemical fertilizers, organic manure, which is decomposed 
materials including animal manure, crop residue, agro-industrial wastes and 
household garbage (Prasad & Power, 1997)，is another traditional nutrient used in 
Zigui County. Moss et al. (2002) remark that manure-amended sites sometimes can 
generate outputs comparable with, or even superior to, mineral-fertilized sites. 
Organic manure, therefore, is efficient in amending soil properties and a good 
substitute of conventional fertilizers. 
Organic manure has pros and cons in different aspects. Positively, this input is 
cost-effective. For instance, swine manure contains 2.80% of N, 1.36% P2O5 and 
1.18% K2O in dry weight (Schumann, 1994). By applying 1 kg of it, around 0.00008 
yuanlvci of fertilizer expenses can be saved. Also, continuous use of organic manure 
can supplement micronutrients that are extremely hard to be found in synthetic 
fertilizers to soils (Prasad & Power, 1997). Negatively, although the acquisition of 
organic manure is relatively free, its use is fairly inconvenient (Bamire & Manyong, 
2003)，and a very large amount is needed for crop production due to the low content 
of available nutrients. 
In rural villages, pigs, hens and ducks are common farm animals. Everyday, 
they excrete dung and urine that can be used as animal manure. Table 5.7 presents 
that swine manure was dominant in sloping croplands and level terraces, ranging 
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2 2 from 1.045 kg/m /year to 1.465 kg/m /year. For contour hedgerows, on the other 
hand, green manure was the most common organic fertilizer as prunings were usually 
returned to soils to build up soil fertility and meet the nutritional requirements of 
crop plants. 
) 
Table 5.7 Manure inputs of the four fanning systems (kg/m /year) (N= 1,149). 
Sloping Stone Earth Contour 
Parameters croplands terraces terraces hedgerows 
Swine manure 1.103 1.045 1.465 0.201 
Compost 0.176 0.166 0.168 0.009 
Chicken manure 0.006 0.006 0.012 0.003 
Green manure 0.000 0.000 0.000 0.669 
Others^ 0.041 0.018 0.006 0.001 
Note: 
a Others are animal and human manure. 
Both inorganic fertilizers and organic manure have their own advantages, and 
none is obviously superior. Prasad and Power (1997) identify that absolute use of 
either one would only cause adverse impacts to the nature�Rather, a judicious 
mixture of them will give the highest yields and reduce soil degradation. Li (2001a) 
also mentions that much organic manure responds well to P and K fertilizers, 
producing a greater amount of biomass growth. In line with the principle of Chinese 
ecological agriculture, therefore, a proper combination of synthetic fertilizers and 
manure is an effective integrated nutrient management system for soil amendment. 
5.3.4 Labour Inputs 
In underprivileged Zigui County, most rural people use hand tools such as hoes, 
sickles, knives and rakes to do various agricultural tasks. Very few households can 
afford machinery because they are poor and the landscape is too steep for its 
application. Manpower, as a result, is the key human resource of the study area. 
Research findings report that family members were the fundamental labour 
input. They went to their arable lands and spent 3-4 hours per day on cultivation for 
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both subsistence and cash cropping. Occasionally, families had to employ labours, 
frequently their neighbours, on a part-time basis during the busy days such as field 
preparation and harvesting. As summarized in Table 5.8, the aggregate labour inputs 
were in a descending order of stone terraces, contour hedgerows, earth terraces and 
sloping croplands. Sloping croplands had the least because they are neither terraced 
nor irrigated (Mo, 1997). Although several analysts point out that additional 
workforce is needed for hedge pruning (Garrity, 2002), no noticeable divergence of 
labour inputs was observed between hedgerows and level terraces. They ranged from 
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0.002 man-day/m /year to 0.003 man-day/m /year. This, perhaps, means that the 
labour demand of contour hedgerows is on a par with that of terracing systems. 
Table 5.8 Labour inputs of the four fanning systems (man-day/m /year) (7V= 1,149). 
Sloping Stone Earth Contour 
Parameters croplands terraces terraces hedgerows 
Family members 0.001 0.002 0.002 0.002 
Employed labours 0.001 0.001 0.001 0.001 
Total 0.002 0.003 0.002 0.003 
In spite of their similar labour requirements, hedgerow trimming is a regular 
task but terrace maintenance is needed only if ridges collapse. To small households, 
this duty might clash with crop production (Carter, 1995). Consequently, hedgerows 
could not be pruned at the optimal time of years, and yields would be jeopardized if 
operations were delayed. Additionally, it is worthwhile to note that the data of labour 
inputs may be overestimated in this questionnaire survey. Respondents were asked 
about the average labour inputs on each day, but they may overlook the situations of 
off-peak seasons. This error may mislead the interpretation of labour inputs, and 
readers thus should consider it when analyze the finding. 
5.3.5 Characteristics of Hedgerow Management 
Among the 54 hedgerow households sampled, 83.33% planted Amorpha 
fruticosa and Leucaena leucocephala, the species recommended by government 
officials, along contour lines to trap eroded soils. Other species grown were Lycium 
chinense and Melaleuca alternifolia. On average, the total quantity of hedge residue 
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generated was 0.589 kg/m . In addition to being placed under hedgerows as hedge 
terraces, it can be turned into food, fodder, fruits, vegetables, fuel, medical herbs, 
fibers, honey and perfumes (Li & Shi, 1996; Li, 2001a). The functions are diverse, 
but hedgerow households of this survey indicated that they purposively applied 
hedge residue as either green manure (79.63%) or fuelwood (20.37%). The possible 
reasons for such limited usage are the species grown are only suitable for these uses 
or fanners do not know or forget to mention Lycium chinense and Melaleuca 
alternifolia could be applid as Chinese medicine, cuisine and tea. 
Furthermore, the distribution of hedgerow users was scattered in five towns and 
townships of Zigui County. 25 of them were in Quyuan, 14 in Guojiaba, nine in 
Guizhou, five in Maoping and one in Shuitianba. Owing to the variation of 
agroclimatic conditions and strong neighbourhood influences, people from the same 
places usually grew the same species on their fields. For instance, Amorpha fruticosa, 
typically and mostly, was the prevailing hedgerows in Quyuan and Maoping, while 
Lycium chinense and Melaleuca alternifolia were common in Guizhou. 
5.4 C o n c l u s i o n 
The questionnaire survey results tell us that stone terraces were the most 
profitable farming practice while earth terraces were the least. Contour hedgerows 
were ranked third because they were not superior to other methods in term of net 
returns and land productivity. This result may affect the acceptance of hedgerows 
among the rural population. Soil erosion on sloping croplands is expected to be high, 
and this prevalent soil degrader will carry valuable topsoil away and reduce soil 
fertility. Yet, their quantities of fertilizers and manure applied were not the highest 
and the total outputs were not the lowest. In addition, terracing systems are a 
prophylactic measure of soil loss, but fertilizer inputs of stone terraces and manure 
inputs of earth terraces were the greatest. Nor does it seem likely that the nature and 
designs of agricultural practices are the key determinant of farm inputs and outputs. 
For labour inputs, they were relatively higher in level terraces and contour 
hedgerows because more manpower is needed for terrace maintenance and hedge 
trimming. To increase the adoption of hedgerows, therefore, extension agencies 
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should consider family size and demographic characteristics when diffusing 
hedgerows. In the same towns and townships, hedgerow species and usage were 
more or less the identical. It seems that agroclimatic conditions and neighbourhood 
influences are significant in hedgerow extension. 
This research project was a retrospective study but not a scientific experiment 
holding external variables constant. This limitation would affect the reliability of the 
study findings to a certain extent. Conservatively speaking, readers should 
investigate this preliminary study with great caution, and researchers can carry out 
in-situ experiments to compare the four farming practices for further analysis. In 
addition to this problem, farmers' decisions of trying a new agricultural technology 
are certainly a compromise of environmental, physical and commercial factors 
(Lemon & Pack, 1993). Whether they will use it depends on not only potential 
incomes, but also their perception of its associated characteristics. Hence, in-depth 




An Interview Study of 
the Perception of Contour Hedgerows 
6.1 Introduction 
Although the profitability of hedgerow intercropping had been examined in 
Chapter Five, production costs and incomes are relevant but not always the most 
important attributes in a selection process. Instead, in the factor analysis of farmers' 
perception of sustainable agriculture administrated in North Limburg of the 
Netherlands, experience, guidance and alertness required as well as weather risks 
have higher scores (Wossink et aL, 1998). Another study also indicates that high 
revenues do not necessarily lead to feasible implementation of farming practices 
(Ruben et al., 1998). It is because farmers are typically conservative, and they will 
consider non-monetary parameters and look before their leaps before reaching a final 
decision. 
Apart from financial costs and benefits, there are other factors considered by 
farmers such as insecure property rights over croplands (Fabiyi et al” 1991; Carter, 
1995; Buckles et al., 1998), long periods between hedgerow establishment and 
earning accrual (Carter, 1995), high labour requirements and labour balance 
(Atta-Krah & Francis, 1987; Wossink et al, 1998), non-adaptability of leguminous 
trees and shrubs (Atta-Krah & Francis，1987), sunlight, water and nutrient 
competition between hedgerows and crops (Adesina & Chianu, 2002; Tang et al.’ 
2003) and risk aversion (Ellis, 1988). These intangible factors are common and play 
as adoption barriers in the extension of hedgerows. 
In addition to these negative values set by villagers, hedgerow diffusion is 
sometimes blocked because scientists and government officials do not well address 
the particular needs of local farmers. Following Carter (1995), much hedgerow 
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research is carried out in on-station sites. Variables are held constant at a specific 
level and excellent experimental results do not practically imply outstanding on-farm 
performance. Extension agencies may find it difficult to promote contour hedgerows 
if they only consider experimental outcomes without any field consultation (Carter, 
1995). 
In Zigui, the progress of hedgerow extension to fanners' lands is gradual. Their 
area was 8.60 km in 2003, and the distribution was scattered in various towns and 
townships (Xu, personal communication). Up to now, no comprehensive consultation 
task has been conducted, and low transparency in the planning stage would result in 
the failure of hedgerow diffusion. Without the willing cooperation of farmers, 
erosion control measures cannot be enduringly achieved (Erskine, 1991). In this 
chapter, therefore, multiple-case studies were conducted to explore the 
socio-technical impediments to hedgerow implementation and to provide answers to 
the following questions regarding the existing knowledge gaps: 
1. What are the familiarity with and perception of contour hedgerows 
among Zigui villagers? 
2. How common are hedgerows in Zigui and how about their 
acceptance in usage? 
3. What factors will farmers consider when they intend to adopt this 
soil-conserving measure? 
4. Is there any change in agricultural inputs and outputs after 
implementing hedgerows? 
5. What is the role of indigenous knowledge in the diffusion of new 
fanning practice? 
6. What actions can the Zigui government take in order to further 
spread this innovation throughout the County? 
6 9 
6.2 Methodology 
Past empirical studies of hedgerow adoption have applied various analytical 
models to elicit farmers' decisions and evaluate the determinants of adoptive 
behaviours together with the correlation among each other. They comprise Probit 
model (Shively, 1997; Pattanayak & Mercer，1998; Lapar & Pandey, 1999; Shively, 
1999), Logit model (Adesina et aL, 2000; Adesina & Chinau，2002), Gls model (Clay 
et al., 1998), contingent valuation model (Lohr & Park, 1994) and Tobit model 
(Norris & Batie, 1987). They aim at working out the correlation between variables 
and the implementation of contour hedgerow. In the present study, in-depth and 
semi-structured interviews that are a verbal way of data collection and interpretation 
were used to gather a wide diversity of opinions and experiences. Interviews help 
initiate discussions on various topics, and thus significantly great depth and breadth 
of information can be collected. Relevant attributes might be yielded from 
respondents' answers, as well. 
The in-depth and semi-structured interviews lasting about one to two hours 
were conducted in Group One of Guiya Village in Zhoiiping and Group Four of 
Chenjiaba Village in Maoping between 12 July 2003 and 15 July 2003. Zhouping is 
located in the south of Zigui County with an area of 247.64 km . It had the 
population of 26,205 in 2002. Maoping consisting of 77,597 villagers is in the 
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southeast and about 193.24 km large (Statistics Bureau of Yichang City, 2003). 
Zigui City, the administrative capital of Zigui County, is situated in there about 1 km 
west of the Three Gorges Dam (Statistics Bureau of the PRC, 1996). During the 
four-day period, 11 hedgerow users and nine non-hedgerow users were interviewed. 
Of which, 11 were males and nine were females. Their age ranged from 22 to 62. The 
numbers of respondents were small but they were accepted because of time 
limitation. Likewise, Miss Xu Kecui and Miss Li Shuncai, the head and the 
technician of the Water and Soil Conservation Bureau of Zigui County were also 
called for interviews so as to understand the government policy of hedgerow 
promotion and management of Zigui from an official viewpoint. Table 6.1 is the 
details of the respondents. 
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Table 6.1 The personal information of the respondents. 
Types Villages Names ^ Sex Age 
A l ^ M ^ 
Billy M 48 
Carl M 48 
Dave M 40 
Guiya 
Edwin M 22 
Hedgerow users Flora F 52 
Grace F 40 
Helen F 33 
M ^ 
Chenjiaba Jane F 42 
Kate F 38 
Leo M ^ 
Mike M 50 
Neil M 49 
Owen M 36 
Non-hedgerow users Chenjiaba Paul M 33 
Rita F 52 
Sara F 46 
Tina F 44 
Vicky F 30 
Note, a The real names of respondents are masked and protected for privacy. 
Owing to language barriers, the interviews were executed with the help of three 
postgraduates of the Huazhong Agricultural University who can speak Mandarin 
with a Zigui accent. Conversations between interviewers and interviewees were 
audio-taped by a digital recorder. In the meantime, notes were taken in order to keep 
a record of non-verbal data and non-audible occurrences plus to serve as a back-up of 
recordings. Perfectly, interview recordings should be written up as soon as possible 
to facilitate analysis (Dunn, 2000). In this research, they thus were converted to text 
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from 18 July 2003 to 23 July 2003 inclusive, approximately six days after the 
interviews. Also, each interviewer was responsible for the transcription tasks of the 
recordings he participated in. This arrangement helps minimize the risk of data loss. 
Semi-structured interviews are a content-focused process. In which, a 
predetermined and standardized list of questions is systematically but flexibly 
organized (Dunn, 2000). When appropriate, probes are added for additional 
information to initiate further discussions and widen the topics related (Dunn, 2000). 
Totally, there were 34 questions for hedgerow users, 26 for non-hedgerow users and 
20 for officials in this research. The interview guides are attached as Appendices II, 
III and IV. 
Data analysis of this interview study was based on what the respondents said. 
Findings did not necessarily represent all the Zigui villagers' thoughts for hedgerows 
and other pertinent issues. In addition, data were retrospective and subject to the 
error of memory that is traditionally regarded as a limitation (Fravel & Boss, 1992). 
Anyhow, the variety of respondents as well as the length and depth of interviews can 
offset this drawback to some extent. 
6.3 Results and Discussion 
Through close and repeated readings of the literal transcripts, to the end, some 
insights and common themes relevant to the perception of contour hedgerows were 
yielded and identified. The five major themes defined in this study are (1) familiarity 
with hedgerows; (2) hedgerow acceptance in usage; (3) factors of hedgerow 
implementation; (4) variation of agricultural inputs and outputs; and (5) values of 
indigenous knowledge. Recommendations for hedgerow extension are also made in 
light of interview findings, field observations and literature review. 
6.3.1 Familiarity with Hedgerows 
Adoption is a process of collection, integration and evaluation of new 
information (Pannell, 2003). As expected, people having more access to extension 
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agencies are more willing to apply hedgerows (Adesina & Chianu, 2002). In Zigui, 
hedgerows were firstly investigated by the research teams of the Institute of 
Geography of the Chinese Academy of Sciences in 1993 (Li et al, 1998), and then 
promoted at the grass-root level in 1998. According to the conversations with the 
officials, during the past five years, the Zigui government had taken many actions to 
reduce farmers' uncertainties of hedgerows. Apart from setting up three 
demonstration sites in Zhouping (Guiya Village), Moping (Tianjingping Village) and 
Guojiaba (Fuzitou Village) for know-how sharing, the frontline staff of the Water and 
Soil Conservation Bureau visited villagers in order to teach them how to manage 
hedgerows as well as to convince them of their advantages. 
Interview data demonstrate that even if contour hedgerows were exotic to the 
majority of Zigui farmers, their management techniques were not. All the hedgerow 
users claimed that they were competent to plant hedgerows. The skill required was 
just like growing staple crops on fields. Also, people could use old sickles and knifes 
to trim hedgerows, and no new hand tool was particularly needed. 
Although officials spread the pros of hedgerows, rural dwellers realized their 
cons more. Roughly 80% of the respondents, no matter he or she was a user or not, 
could instantly point out that applying this bioengineering technology might cause 
the problems of land occupation and nutrient competition. When asked the 
advantages of hedgerows, in contrast, only few people could state that hedgerows 
helped control erosion, and four to five even thought that they have no benefit. Worse 
still, none recognized that hedgerows were characterized by low investment and 
maintenance costs. These findings mirror that Zigui farmers' mindset of hedgerow 
implementation is occupied by certain negative judgments, and such built-in ideas 
will depreciate their acceptance of hedgerows. 
In Guiya Village and Chenjiaba Village where promotion work had been done, 
virtually most respondents, regardless of age, sex and educational attainments, told 
us they had seen or heard of hedgerows. They mainly received such information from 
cadres, but not the mass media. By contrast, in those villages where no effort had 
been put into hedgerow extension, people were still strange to this innovative 
farming practice. From the above comparison, three inferences can be drawn. First, 
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the Zigui government is the sole information source of hedgerows to most people. 
Second, village-to-village diffusion is not effective, and the familiarity with 
hedgerows is highly varied between villages conditional on whether promotion work 
has been done or not. Third, extension tasks are at least successful in making farmers 
know the existence of hedgerows. 
Besides, since Zigui farmers never heard of contour hedgerows before, we 
observed several respondents felt odd to the technical term of 'contour hedgerows' 
(zhiwuli). When asked their perception to hedgerow intercropping, more than half of 
the respondents could not answer it clearly and immediately even though they were 
currently adopting them. Grace, a female using hedgerows for around three years, 
responded: 
Hedgerows? Hedgerows are rows of plants, [laughs] Umm. . . Frankly, I don't know 
what you're talkin' about. 
She could later answer this question once she understood the characteristics of 
this brand-new technology and recognized Amorpha fruticosa she grew was a kind of 
hedgerows. Similar replies were found in other interviews because most Zigui 
farmers are poorly educated and may find the technical term of 'contour hedgerows' 
very new. Briefly, a few of respondents were more familiar with species names of 
hedgerows rather than the technical term. 
6.3.2 Hedgerow Acceptance in Usage 
Farmers can well know about this practice but it does not necessarily mean they 
are willing to adopt it. They can still refuse to make a shift if they think hedgerows 
are not a suitable farming practice. The case studies in Chenjiaba Village are typical 
examples. To accelerate the adoption pace of hedgerows, first of all, it is a must to let 
fanners know what advantages they could gain from this bioengineering technology. 
As mentioned earlier, many hedgerow users and non-hedgerow users interviewed 
realized that hedgerows helped conserve soils and water within their fields. Neil 
pinpointed: 
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[The benefit of growing hedgerows is] soil and water conservation. When there's 
heavy rainfall, soils are trapped; water and nutrients won't be washed away. ...I saw it 
in Old Guizhou in the past. 
Carl, in more details, added that slope gradients were reduced with time when 
sediment was accumulated and developed into soil bunds under hedgerows: 
Amorpha fruticosa are planted on sloping croplands, row by row. ...Soils are held 
together by roots, they [the officials] said. Well, the slope will then become less steep. 
Despite the fact that rural residents knew moisture and nutrients were restored 
with the aid of hedgerows, these benefits were not appealing in people's mind. It is 
worth to note that these advantages were stated by the officials of the Water and Soil 
Conservation Bureau and the Forestry Bureau, but not directly experienced by the 
respondents in their daily routines. The effectiveness of hedgerows still remained as 
an unknown. No farmer can assure when, and even will, the officials' promises come 
true. 
Additionally, soil enrichment and earth bund formation are gradual processes. 
People may not recognize them particularly in the first few years. Flora, like other 
respondents who had implemented hedgerows for around three years, thus suspected 
the efficacy of hedgerows and sighed: 
That's what the officials said. Now, it's three years now. The soil quality is the same, 
the yields are, as well. I don't see any improvement in land productivity. 
Her worry is understandable. Farmers do agree soil conditions are better only if 
output levels become higher. Many empirical studies show that the nutrient content 
of soils is indeed increased on the lands dedicated to hedgerows (Li et al., 1998), but 
it was not the case in Flora's field. Her plot was planted with contour hedgerows for 
no longer than three years. The time might be too short for significant fertility 
improvement as Carter (1995) points out that three to four years is a minimum for 
increased yields. Also, the magnitude of soil enrichment may not be great enough to 
boost outputs. She so opposed that hedgerows were a productivity-enhancing 
measure. Anyway, more research is needed for the investigation of reasons behind. 
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Interview results remark that Zigui people had similar choices between different 
fanning practices. They normally liked level terraces more because past experiences 
tell them these measures do reduce slope gradients and maintain water and nutrients 
for crop production. Vicky, 33, claimed past but not current use of hedgerows. Her 
adoptive behaviour reflects that she was more interested in stone terraces: 
When my neighbours grew Leucaena leucocephala, I was curious and followed suit 
on my land. But when the cadres helped me to build stone terraces later, you know, 
stone terraces are better, I removed all the saplings [of Leucaena leucocephala] at 
once. 
Meanwhile, though conservative farmers doubted the advantages of hedgerows, 
they preferred them when comparing with sloping croplands. The possible reason for 
such choice is people think that planting hedgerows on sloping lands, which are 
without-nianagement sites, is better than doing nothing in soil conservation. However, 
even if a farmer is willing to make a shift, lie seldom grows hedgerows on the entire 
field owing to the risk of potential loss. The percentage of land conversion was 
merely around 40-75%. For example, Alan, who originally had 2,333.45 m of 
sloping croplands, changed 70% of them into hedgerows. Such findings reveal that 
uncertainty will reduce the acceptance of hedgerow usage among rural dwellers. 
Between Guiya Village and Chenjiaba Village, hedgerow adoption was more 
widespread in the former one. Previous discussions have already denied the roles of 
benefits in hedgerow diffusion. Rather, the variation of natural environment is one of 
the determinants. In this study, the officials interviewed explained how slope 
gradients, geology and altitudes influenced the adoption rate: 
Sure, acceptance of hedgerows is affected by many geographical factors. First, 
villagers cultivating on steep slope are more likely to use hedgerows. It's because 
erosion problem in there is much worse. Second, the major rock types of Zigui are 
limestone and granite. Limestone is less resistant to weathering than granite is, and so 
soil erosion is more serious in the regions of limestone. Third, different species have 
different environmental adaptability. Leucaena leucocephala will be grown well at an 
altitude of 600 m or below, and Amorpha fruticosa can survive at a higher altitude, 
around 800 m. These factors are important for site selection of promotion work. 
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The linear narrative presented above serves to clarify the dissimilarity of 
hedgerow implementation between Guiya Village and Chenjiaba Village. Chenjiaba 
Village is dominated by gentle slope and granite. Soil erosion, hence, is not a key 
threat to its agricultural activity. In Guiya Village, on the contrary, steep slope and 
sandy soils are observed. Farmers in there were relatively keener on using 
bioengineering measures because the benefits of water conservation are more 
obvious on steep fields (Buckles et al., 1998; Pattanayak et al., 2003). In view of 
such spatial heterogeneity of land degradation problem that is usually regarded as an 
obstacle of innovation spreading (Pannell, 2003), Guiya people are more interested in 
trying hedgerows than Chenjiaba people are. 
Furthermore, accessibility is another geographical factor of hedgerow extension. 
In Zigui, most fertilizer shops are situated in Zigui City of Maoping. Nearly all the 
rural population goes there to purchase commercial fertilizers. As their selling prices 
are the sum of fixed prices and transport costs, village dwellers living in remote areas 
unavoidably have to pay more. The price gap could be as large as six yuan for 40-50 
kg of fertilizers (Anonymity, personal communication). Paul, the village secretary of 
Chenjiaba Village, elucidated how accessibility affected the popularity of hedgerows: 
Chenjiaba Village is very close to Zigui City. People can easily buy chemical 
fertilizers from the City and save transport costs. ...The green manure of hedgerows 
is less important to them. 
The results of the Logit model done by Adesina and Chianu (2002) are similar 
to the interview findings. They show that the likelihood of hedgerow adoption 
increases with the extent of soil erosion problems. Also, higher probability of 
hedgerow implementation is resulted if costs of mineral fertilizers are higher and 
market information and access are poorer. 
In addition to these objective factors, personal belief is another factor of 
hedgerow acceptance. During the eight interviews in Guiya Village, dwellers 
indicated that land alteration was a government policy, and therefore, they ought to 
follow it. When asked whether he or she was willing to plant hedgerows originally, 
seven respondents gave us positive answers. They stressed that no force and pressure 
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were involved. Having said that, Helen was an exceptional case. Her conversations, 
tones and expressions mirror that her attitude towards hedgerows was still 
unenthusiastic and disinclined albeit she had already implemented them since 2000: 
Interviewer. At first, were you willing to switch to hedgerows? 
Helen. No! Absolutely not! It's the government policy. The cadres called me [to 
grow hedgerows], so I did. I surely don't want any change! Up to now, I 
see no good! 
Dave, the group leader of Group One of Guiya Village, explicitly pointed out 
that most villagers resisted accepting hedgerow intercropping initially: 
In the beginning, most villagers were so strange to hedgerows. Only some village 
cadres tried it. You know, they had never seen them before. They worried about the 
problems of nutrient and water competition and had no confidence in applying them. 
Soon after the government explained the advantages of hedgerows again and again, 
villagers' stance is softened and their attitudes to hedgerows become optimistic. 
This quotation highlights the significance of mutual communication. In the 
investigation conducted by Pretty and Hine (2000), they discover that lack of 
interaction between parties is the main reason of painfully rare acceptance. As 
sustainable agricultural development is strongly dependent on the partnership among 
governments, research teams and local farmers (Mokwunye, 2001), the 
connectedness between people, in particular of the two-way one, is a vital social 
capital (Pretty, 2002). 
To sum up, the acceptance of hedgerow adoption could not be described as high 
at this moment. Zigui residents' stance on this soil-conserving technology was not 
active, or frankly speaking, was quite passive. They made a switch just because it 
was a government policy. No more other special motivations were involved. Aside 
from instilling the advantages of contour hedgerows into villagers, government 
officials should explore the barriers of hedgerow spreading before continuing the 
diffusion task in the countryside. 
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6.3.3 Factors of Hedgerow Implementation 
Farmland size is one of the most common attributes in the research of 
innovation adoption. It is correlated either positively or negatively with adoption in 
around 71% of the cases reviewed (Pattanayak et al., 2003). Also, some studies 
indicate that lands lost to hedgerow planting often represent 20-25% (Renaud, 1997). 
In Zigui, most rural population is engaged in agriculture but the lands suitable for 
fanning are limited. Per capita arable land was around 600.03 m in 2001 (Zigui 
Government, 2002). Since the plots were already small, many respondents worried 
that planting hedges row by row would result in the diminution of land availability 
for cultivation and subsequently incomes from crop sales. Sara, a female using earth 
terraces for 21 years, acknowledged: 
The present ones [earth terraces] are good enough, no change is needed. Growing 
Leucaena leucocephala will only cut my field size. My land is already small, merely 
0.64 mu in total, very very small. I 'm afraid one-third will be occupied if I adopt 
hedgerows. 
The opportunity costs of applying hedgerow intercropping are equivalent to the 
values of alternative plants that can be produced on the same size of croplands. They 
are much higher for citrus cultivators. Buckles et al. (1998) report that such 
opportunity costs are expected to rise if a farmer has less land resources, and thus 
Zigui people who are land-constrained would be less likely to implement this 
integrated farming system. 
In the questionnaire survey administrated by Adesina and Chianu (2002), 49% 
and 42% of adopters indicate that, respectively, 'tree competition with crops' and 
'root obstruction' are the key problems of hedgerow intercropping. Similarly, many 
Zigui respondents complained that establishing hedgerows would reduce the amounts 
of sunlight, water and nutrients available for crop growth. Ripe hedgerows were high 
and sometimes cast a shadow on the plants nearby. Shading effects were especially 
obvious when the sun was low or crops were still in the seedling period. Sara and 
several respondents, therefore, regarded it as a binding constraint to adoption: 
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When Leucaena leucocephala is about 1 m high, no sunlight can reach the land. 
Sweet potatoes and soyabean are so not well grown. ...I really feel anxious about the 
situation. 
What is more, some respondents thought that contour hedgerows competed 
nutrients and moisture with adjacent plants. They blamed the roots of hedgerows 
grew excessively fast, and the amounts of nutrients hedgerows took in were more 
than what they could provide via the decomposition of green manure: 
Grace. The roots of hedgerows are too long and too large. They horizontally spread 
and are very close to the roots of citrus trees. You know, citrus trees are 
nutrient-demanding. I'm afraid nutrient competition is quite serious. I've tried 
to use a knife to cut the roots of Amorpha fruticosa, but they're pretty hard. 
The original function of hedgerows is to generate green manure for soil 
enrichment, but now, they become the competitor of citrus trees. 
Flora. The roots [of hedgerows] grow everywhere. I think they absorb more nutrients 
than what the crops do. 
It is likely that rural residents have many worries about hedgerow 
implementation, no matter he is a hedgerow user or not. Nonetheless, are the 
'problems' they mentioned really problems? Or are they just people's prejudices? In 
the previous cost-benefit analysis, though the output quantities of H were fewer than 
those of C, it did not imply similar phenomenon will also be observed in a real 
situation because the application of fertilizers and manure could solve the problem of 
nutrient deficiency. Besides, the findings of questionnaire survey were not 
appropriate for deducing hedgerow yields were lower than others' due to the 
variation of crop types. Nonetheless, more in-situ experiments are needed to bridge 
the knowledge gap. 
On the other hand, except for those benefits stated by officials, respondents did 
not identify any more. Hedge residue certainly helps save fertilizer and fuel 
expenditures, but no people noted it. This mirrors that the trains of thoughts among 
farmers are simple and straightforward, as well as farmers' roles in hedgerow 
diffusion are quite passive. Moreover, the interviews give the author an impression 
that Zigui villagers weighed the drawbacks of hedgerows more heavily against their 
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strengths. They disliked hedgerows and regarded every non-crop material on plots 
would only cut their revenues. 
In addition to the provision of green manure and fuel, low investment costs are 
one of the benefits of hedgerow intercropping. Li (2001a) emphasizes that the 
five-year implementation and management costs of hedgerows are just about 1,400 
yuan, equal to one-tenth of terracing costs. This advantage is particularly sizeable in 
typical poverty-stricken mountainous areas, but no respondents had mentioned it 
when asked what the advantages of hedgerows are. It is because the Zigui 
government is responsible for the expenditures of both level terraces and hedgerows. 
Farmers need not take any cash from their pockets and thus might not realize how 
large the difference in investment costs is. Alan, like other hedgerow users 
interviewed, offered a usual answer about the initial establishment of hedgerows: 
The government gave us saplings, and the cadres came here [Guiya village] to teach 
us how to grow and manage hedgerows. ...Well, only labour inputs were required. 
My wife and I spent four days in planting Amorpha fruticosa properly. It's an easy 
job. 
Officials provide financial and material support for the construction and 
maintenance of stone terraces, as well: 
Leo. My stone terraces were built last year, about 0.45 mu. The government spent 
'i,000yuan on their construction. And, I only needed to employ two labours and 
spend 7-8 days on building it. Now, it's full of chestnut trees. 
Neil. The latest one [the collapse of stone terraces] was in 2001, a couple of years 
ago, not so frequent. When the rain was heavy in July and August, the stone 
risers fell down and destroyed 0.8 mu of crops. The maize and sweet potatoes 
under which were all damaged, [sighs] All were lost, nearly no harvest in that 
year. Fortunately, the government subsidized us to repair them and cut the 
agricultural tax by 48 yuan. 
Government assistance, on the one hand, is crucial to rural development and 
agriculture. On the other hand, it hinders hedgerow extension to a certain extent. 
Farmers simply think hedgerow adoption over from a financial perspective. They 
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bear no investment cost of whichever farming systems and find the divergence 
indifferent. Without any cost consideration, it is no wonder that few villagers would 
switch to contour hedgerows that are really a cost-effective farming measure. 
Ideally, hedgerows should have both ecological and economic values. Excellent 
species cannot only regulate soil and water loss, but also generate good returns. 
Nevertheless, Amorpha fruticosa and Leucaena leucocephala did not meet the 
second condition. Scientists recommended them just because study results illustrate 
that they are superior to others in erosion control (Ding, personal communication). 
The conversation below shows that farmers would be more enthusiastic to use 
hedgerows if financial gains were involved: 
Helen: I think Amorpha fruticosa is okay, but not the best. If possible, I want to 
grow Camellia sinensis var. assamica as hedgerows. 
Interviewer. Why? 
Helen. Camellia sinensis var. assamica is more profitable. I can sell it to make 
big money. 
Furthermore, we observed numerous people grew Lycium chinense and 
Melaleuca alternifolia on their arable lands as hedgerows. Their behaviours were 
spontaneous because Lycium chinense can be used as Chinese medicine and cuisine 
while Melaleuca alternifolia can be sold in the market. They both are profitable. Yet, 
in the context of soil conservation, they are not as effective as Amorpha fruticosa and 
Leucaena leucocephala. Since the primary purpose of hedgerow diffusion is to 
alleviate the erosion problem of the Three Gorges Reservoir Region, the Zigui 
government naturally pays more attention to its environmental performance in the 
selection process. 
According to the discussion above, it is supposed that local cultivators are not 
well consulted. The officials interviewed claimed that they collected feedbacks from 
hedgerow users three times a year, but the quality of consultation will affect official 
responses to farmers' answers. Since there is a top-down gap between cadres and 
ordinary people, more mutual communication is necessary. 
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In addition, farmers had a view opposite to scientists' on the issue of root 
development. Occasionally, they thought the larger the root systems of hedgerows, 
the higher the competition of nutrients and moisture below ground. Scientists, 
conversely, believed high-quality hedgerows should have dense and strong roots for 
the formation of barriers near the earth surface. They, therefore, considered 
fast-growing root systems as one of the selection criteria and encouraged local 
people to plant Amorpha fruticosa and Leucaena leucocephala that have huge root 
systems on their cultivated lands. 
Village dwellers are at odds with scientists over this matter since the former 
ones are at a production standpoint while the latter ones are at an environmental 
standpoint. Scientists intend to solve the erosion problem. They deem growing 
contour hedgerows, in a long run, is beneficial to agricultural development and the 
society as a whole. On the contrary, rural people only want to be self-reliance and 
sell the surplus for profits. If hedgerows do have impacts on farming activities, how 
can the government persuade local people into adopting them? Farmers' concerns are 
not superfluous, and the frontline staff should put more effort to remove their 
anxieties. 
6.3.4 Variation of Agricultural Inputs and Outputs 
Either expense reduction or revenue expansion would lead to higher net profits. 
Contour hedgerows are sometimes regarded as a resource-saving technology because 
the decomposition of green manure boosts soil fertility. Li (2001a) notes that the 
amount of green manure produced by three-year Leucaena leucocephala is around 
13,000-24,000 kg/ha/year, and farmers subsequently can save 3,000 yuan of fertility 
investment. Yet, villagers interviewed said that the quantities of agricultural inputs 
applied were similar to the past ones even if they theoretically knew the 
decomposition of green manure helped improve soil fertility and water holding 
capacity. Billy stated: 
No significant change. I still use about 1-2 bags of urea, 2-3 bags of calcium 
superphosphate and 20-30 baskets of piggery manure per year. 
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Carl and Dave also indicated that no matter the agricultural systems are sloping 
croplands, level terraces or contour hedgerows, the quantities of agricultural inputs 
were almost the same across them. Rather, the types and states of crop plants are the 
determinants: 
Carl: I grow citrus trees between hedgerows and sweet potatoes and soybeans on 
stone terraces and sloping lands. Citruses are nutrient-demanding. Their 
selling prices won't be high if commercial fertilizers are not enough. I thus 
spend more urea and organic manure on them, around 3-4 times per year. But 
on stone terraces and sloping lands, they're only 1-2 times [per year]. 
Dave: Input amounts [of hedgerows] are similar to those of sloping lands, no much 
difference. Now, I even use more urea and K fertilizers because citrus trees are 
growin' larger and larger. 
Many scientific experiments have proved that the content of nutrients and soil 
moisture has increased after growing hedgerows (Li et al., 1998; Tang et al., 1999). 
To maintain a certain standard of land productivity, in fact, farmers can apply less 
fertilizers and water to hedgerows than to sloping croplands, and subsequently save 
money. No one did it notwithstanding. It is because they did not know how many 
chemical fertilizers can be saved and whether green manure is enough to satisfy the 
nutritional requirements of plants. As they worried about such cutbacks will 
negatively affect crop conditions, they would not adjust the amounts of agricultural 
inputs hastily. 
On the other hand, Kuyvenhoven and Ruben (2002) comment that sustainable 
agriculture is of high intensive use of labours. Contour hedgerows, of course, are not 
an exceptional case (Carter, 1995). The report of the International Centre for 
Research in Agroforestry (ICRAF) identifies that labour investment in hedgerows is 
about 124 days of annual labours for four prunings (Garrity, 2002). In Zigui County, 
when hedges are mature, local villagers trim them in order to diminish the nutrient 
and moisture competition with adjacent crops. Such extra workload may cause the 
problem of labour shortage to some small households when family members go to 
other places to seek jobs. Helen, whose husband worked elsewhere, stated: 
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Helen: I trimmed Amorpha fruticosa three times a year in the past, and now 
twice a year, mainly in May and September. When it is about 2-3 chi 
high, I cut it and place the residue under Amorpha fruticosa as hedge 
terraces. 
Interviewer: Do you think the workload is heavy? 
Helen. Sure, quite. My husband is in Beijing to make ends meet, and my boy is 
still young, about seven. Only I work on the farmland day and night. 
You know, I have to do housework and fix my kid. And now I need to 
spend more time and effort on the plot, it's a little bit hard. 
Nonetheless, Flora's answer was contrary to the others'. She did not agree 
hedgerow management was labour-intensive and thought the labour requirement was 
lower than that of stone terraces: 
Labour inputs [of hedgerows] are much lower. Why? Amorpha fruticosa won't 
collapse! 
In general, labour inputs were the sole ones that were different after shifting to 
hedgerows, and the ideas were inconsistent among the hedgerow users interviewed. 
Five claimed they were higher and two said they were lower. Their replies were 
diverse because of the variation of household size and the demographic 
characteristics of family members. In Helen's case, her household size was already 
small, and rural-urban migration of man further worsened her family productivity. 
Similar circumstances may be found in other places as many young people leave the 
County to seek for better job opportunities (Anonymity, personal communication). 
Additionally, Pattanayak et al. (2003) review that adult numbers of families are 
positively correlated to tree or hedgerow planting. It means that larger families are 
more likely to use hedgerows. Sanders (2000a), in other words, states that 
small-scale and feminization of family farming have negative implications for 
agricultural sustainability. Anyhow, a good design of agricultural calendars 
minimizes the conflicts between hedgerow management and major crop operation as 
well as allows more effective use of labours. 
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Again, although some experiments show that output levels are higher with the 
aid of hedgerows (Garrity, 2002), the previous questionnaire survey did not have 
similar findings. Perhaps both are correct because similar circumstances are observed 
in East Africa wherein on-farm performance of hedgerows is far poorer than 
on-station trial results (Carter, 1995). The factors behind are quite complicated. 
During the interviews, many respondents noticed that yields had not greatly 
enhanced after three-year hedgerow implementation and deduced the amounts 
produced had no relationship with farming practices. Kate, instead, thought the dose 
of chemical fertilizers was one of the factors: 
Output levels are highly related to fertilizer inputs. More the fertilizers used, more the 
maize and potatoes grown. 
Although the adoption pace of hedgerow intercropping is influenced by a range 
of factors, economic consideration is still important in a decision-making process 
(Sinden & King, 1990; Gary & Wilkinson, 1997). In the current interview study, the 
consequence of applying hedgerows was not significantly observable from 
above-ground crop conditions. Such poor outcome may block the diffusion of this 
innovative measure, and the reasons of low observability do deserve more 
investigation in the future. 
6.3.5 Values of Indigenous Knowledge 
Indigenous knowledge of farmers has intrinsic merit and holds potential for 
rural development (United Nations Economic and Social Council, 2000). In the 
interview study, we discovered that some village dwellers planted Fagopyrum 
dibotrys on stone risers to control erosion (Plate 6.1). This species not only holds 
stones and mud together, but also serves as fodder of pigs. Zigui people thus were 
willing to grow it eagerly: 
Interviewer. Who taught you to grow Fagopyrum dibotrys"^ 
Dave: Not sure. Including me, many people of our Village [Guiya Village] have 
planted it for a certain period of time. 
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Interviewer. Between Amorpha fruticosa and Fagopyrum dibotrys, which one is better? 
Dave: Some people like Fagopyrum dibotrys more because it can be used to feed 
pigs. But, its root systems are smaller and can't properly hold soils. Hence, 
comparatively speaking, Amorpha fruticosa is more effective in erosion 
control. Anyway, I think they both have their own strengths. 
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Plate 6.1 Fagopyrum dibotrys on stone risers. 
The quotation above reveals that stone terraces in combination with Fagopyrum 
dibotrys is spread in a farmer-to-famier approach. Government participation is 
almost rare. As these local knowledge originate from rural communities, farmers can 
quickly become accustomed to them, and their self-reliance and capacities are 
consequently enhanced (Pretty & Hine, 2000; Pretty, 2002). By contrast, hedgerow 
intercropping is a fairly innovative agricultural technique to most Zigui farmers. It, 
hence, needs to be diffused in a top-down direction. 
Furthermore, in some developing countries, people have modified the original 
configuration introduced by scientists so as to make the innovative technique match 
their household needs. In Nigeria, for example, well-educated farmers are more 
likely to adjust the pruning frequency of hedgerows and widen their spacing to 
facilitate ploughing within alleys as they understand this bioengineering measure 
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more (Carter, 1995). Investigating the adaptation dynamics of farming approaches 
certainly provides an important lesson for extension agencies but it is overlooked in 
most innovation adoption articles (Adesina & Chianu, 2002). Therefore, apart from 
studying the reasons of hedgerow implementation, the Zigui government should 
explore indigenous knowledge and borrow it in hedgerow promotion. 
6.3.6 Implications for Hedgerow Extension 
Many studies reveal that the adoption rate of new methods is gradual. They are 
initially undertaken by innovators and then spread to early adopters and so on 
(Thirtle & Ruttan, 1987). Commonly, the time needed for significant implementation 
is around 5-10 years (Current et al., 1995), and may be longer in developing 
countries. Ruttan (2001) thus describes the curve of the distribution of adopters over 
time is in symmetric bell-shaped. Figure 6.1 is the extension of hedgerows in Zigui 
County between 1998 and 2003. As mentioned before, they are firstly tried by a 
small group of cadres and spread afterwards when farmers acknowledge their 
benefits. The step is correct but hedgerow diffusion in Zigui is still in an early stage. 
The total area was 8.60 km in 2003 (Xu, personal communication). In light of 
interview results, field observations and literature review, some suggestions are made 
for officials in order to accelerate the adoption pace of hedgerow intercropping. 
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Figure 6.1 Hedgerow extension in Zigui County (1998-2003). 
(Source: Xu, personal communication). 
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Firstly, early implementation by the minority is important to the social process 
of technology diffusion (Rogers, 1995; Pannell, 2003). In Zigui, village cadres 
should keep on being hedgerow innovators. Their actions serve as the seeds of 
spreading and offer a potential way for doubt removal. Farmers can then exchange 
information and revise their subjective views after observing the experiences of 
pilots. If they place greater weight on the positive outcomes of hedgerows, they 
would subsequently try this integrated farming system on their lands. 
Secondly, most cultivators particularly those relying on fanning as the dominant 
income source are of risk aversion (Myers, 1989; Pattanayak et cd., 2003). They are 
reticent about leaping to large-scale trials due to the risk of total loss. As a substitute, 
small-scale adoption, which is a chance of widespread implementation (Pannell, 
2003), should be encouraged. Villagers would either adjust the scale towards full 
adoption if they have confidence in hedgerows in a long run or simply give them up. 
From this statement it is concluded that the Zigui government can persuade those 
households possessing relatively larger sloping croplands into early adopters. 
Thirdly, though many species are under investigation during the research stage, 
only Leucaena leucocephala and Amorpha fruticosa are eventually recommended by 
frontline staff. The choices are too limited to local people. Zigui farmers have 
various consideration factors of hedgerow implementation. For instance, 
profit-interested farmers prefer Melaleuca alternifolia while environment-concerned 
villagers are more interested in Amorpha fruticosa. Therefore, scientists are advised 
to offer a wider range of species and highlight their pros and cons systematically in 
the promotion work (Current et al., 1995). The ultimate decision of hedgerow species 
should be left to villagers who can choose the most appropriate options suiting their 
household needs. 
Moreover, one of the functions of mass media is persuasion. It helps change the 
attitudes and moderate the behaviours of the general public and allows one-to-many 
communication simultaneously (Merrill et al., 1990). In Zigui, around 93.3% of 
households could receive television signals by 1996 (Wu & Lii, 1999). Given that the 
acquaintance with hedgerows is diverse between villages, the Zigui government can 
use the local state-owned television channel and newspapers to efficiently 
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disseminate the bioengineering practice. Time resources are saved, and farmers can 
thus have some basic concepts of hedgerows before the arrival of officials. 
Last but not least, particular attention should be paid to widows and 
woman-headed households. Following Tjemstrom (1992), extension service is 
male-oriented as well as females are not able to perform soil conservation measures 
properly because they are physically weak and have poor decision-making power. 
Henderson (1995) also claims that such households are characterized by lower 
harvests and higher share of outputs for personal use. In other words, women are 
relatively less interested in and capable of using integrated farming systems than men 
are (Adesina & Chianu, 2002; Pattanayak et al., 2003). For the above reasons, the 
Zigui government should give a hand to the women whose husbands have gone 
elsewhere. 
6.4 Conclusion 
Contour hedgerows were mainly spread by government officials who set up 
three demonstration sites and visited rural people for know-how sharing. In addition 
Lo ihis oiricial extension work, farniers' acceptance in hedgerow usage was aricclcd 
by many geographical factors that help explain why Guiya villagers were relatively 
keener on making a replacement in cultivation practices. Numerous respondents 
siispcclcd the effectiveness of hedgerows in erosion control and worried about the 
problems of space, water and nutrient competition with adjacent crops. They also 
concerned about their economic values and root development. Besides, they pointed 
out that the variation of farm inputs was dependent on the types and states of crops 
while yields were related to the amounts of chemical fertilizers applied. Owing to 
these anxieties and uncertainties, farmers' preferences among alternative agricultural 
techniques were in a descending order of stone terraces, earth terraces, contour 
hedgerows and sloping croplands. 
Farmers' decisions of hedgerow implementation are affected by multiple 
factors, including age, educational attainments, social status, resource endowments, 
market incentives as well as security of tenure (Pattanayak et al., 2003). It is far more 
90 
complicated than what this interview study explored. Therefore, the findings of this 
interview study are tentative and subject to be corrected by other research studies. 
Within this limitation, it is less possible to reveal in detail all the relevant matters of 
perception of hedgerow intercropping. Instead, by approaching issues from various 
angles defined by the respondents, we can trace the taken-for-granted values which 
shape the decisions of using hedgerows and answer why this bioengineering 




7.1 Summary of Findings 
In Zigui County, contour hedgerows were firstly investigated in 1993 and then 
promoted in 1998. The focus of previous studies is primarily their environmental 
performance in erosion control and nutrient restoration (Cai et al., 1996; Li et al., 
1998; Xu et al., 2000; Li, 2001a), and their socioeconomics are occasionally 
overlooked. In this thesis, three research methods comprising cost-benefit analysis, 
structured questionnaire surveys as well as in-depth interviews were applied to 
examine the economic viability, financial profitability and social acceptance of 
hedgerows from multi-disciplined perspectives. 
In the cost-benefit analysis, under the assumptions of a 10% discount rate and 
15 years, the NPVs of the six trial plots were in a descending order of HI, HIOM, 
HO, HIM, H and C. There was misallocation of resource on C as its NPV was 
negative. C was the control site without any soil management method. Its NPV of 
-1.51 yiianim signifies that soil erosion can bring serious economic loss if the 
problem is not properly addressed. Though H was planted with hedgerows, its NPV 
was just higher than that of C by 2.25 yuanim because its replacement costs were 
not notably lower. The least yield values of H also indicate that there probably is 
nutrient and moisture competition between hedgerows and crops nearby. It seems 
that using hedgerows alone is not enough to produce high NPVs unless chemical 
fertilizers and organic manure are added. 
After applying 1.5 kg of ammonium bicarbonate and calcium superphosphate or 
44 kg of swine manure, the economic performance was much improved. HI topped 
the list with a NPV of 7.30 yuanlxx\, and HO was the third highest. The combination 
of hedgerows and chemical fertilizers is found to be the most attractive in an 
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economic sense, but farmers are not encouraged to use synthetic fertilizers only as 
the chemicals will cause irreversible impacts to the environment. Instead, employing 
inorganic and organic fertilizers together is an effective soil amendment method. 
Mulching helps protect topsoil from rain splash and minimize 
evapotranspiration loss. It practically did not offer obvious benefits of soil and water 
conservation in this analysis, however. The NPV of HIM was worse than that of HI 
and ranked fourth, approximately 4.08 yuanim in total. The findings of HIOM, as 
well, show that the most ecologically sustained measure is not necessarily the most 
economically viable one owing to the exceedingly high investment and operating 
costs of contour hedgerows, chemical fertilizers, organic manure and mulching. 
In addition to economic viability, farmers will also evaluate the financial status 
of hedgerows before making a shift in agricultural methods. Questionnaire survey 
results reveal that net returns were the highest in stone terraces, followed by sloping 
croplands, contour hedgerows and earth terraces in sequence. They were generally 
influenced by multiple factors instead of the systems themselves. Hedgerow 
intercropping is viewed as an effective means in checking soil and water loss by 
scientists, but its total income was much poorer than that of sloping croplands by 
0.137 yuanim IjQdiX. This outcome was different from what the cost-benefit analysis 
produced because externalities are not taken into account by an individual in the 
financial analysis. 
N fertilizers were the key macronutrient fertilizers in all the four farming 
practices when compared with P and K fertilizers. Owing to nitrogen fixation of 
Amorpha fruticosa and Leucaena leucocephala, the amounts of N fertilizers in 
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hedgerows were around 50% of others', more or less 0.094 yuanim /year. Besides, 
swine manure was the main on-farm nutrient source on sloping croplands and level 
terraces while green manure was the majority in contour hedgerows because 
prunings were mostly returned to fields as hedge terraces. 
For labour inputs, the high figures in terracing systems and contour hedgerows 
suggest that the design and structure of both practices are more complicated. More 
manpower is needed for terrace maintenance and hedge trimming. This result 
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deduces that household size and demographic characteristics may affect hedgerow 
acceptance, and extension agencies should take these factors into account. 
What is more, non-monetary attributes are farmers' consideration inputs of 
hedgerow adoption. According to the findings of the in-depth interviews, hedgerows 
were spread in a top-down direction. Villagers, who were quite familiar with the 
management skills, mainly received information from the Zigui government. In 
addition, farmers' acceptance of hedgerow intercropping was shaped by geographical 
factors such as gradients, geology, altitudes and accessibility. These factors explain 
why Guiya villagers were more interested in trying this new cultivation practice. 
Although several respondents realized that sediment and water loss was 
minimized after planting hedgerows, they simultaneously suspected their 
effectiveness and worried about the problems of space, moisture and nutrient 
competition with adjacent crops. Economic values and root size of hedgerows were 
their concerns, too. Farmers' preferences among the alternative farming systems, as a 
result, were in a descending order of stone terraces, earth terraces, contour 
hedgerows and sloping croplands. 
Except for labour inputs, respondents claimed that there was no noticeable 
change in agricultural inputs and outputs in consequence of hedgerow growth. Rather, 
the variation of inputs was dependent on the types and states of crop plants while 
output levels were related to the amounts of chemical fertilizers applied. With these 
study results in mind, it is suggested that mass media could be used to spread 
hedgerows, and small-scale adoption and wider choices of species would be an 
efficient means of innovation extension. 
The findings of this socioeconomic research are not conclusive. They just 
provide more comprehensive descriptions of contour hedgerows and serve as inputs 
in the decision-making mechanism of hedgerow extension. It is expected that they 
have great implications for policymakers to strive for sustainable development and 
offer references for sustainable agriculture in hillside areas of Zigui County as well 
as the Three Gorges Reservoir Region. 
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7.2 Synthesis of the Study 
Sustainable agriculture is a multifunctional system within ecology, economy 
and society. It is capable of producing sufficient food and products for farm families 
as well as markets in a long run and generating a range of public goods such as clean 
water, flood protection, carbon sequestration in soils, wildlife conservation and so 
forth (Francis, 1994; Herdt & Steiner, 1995; Pretty & Hine, 2000; Pretty, 2002). 
Globally, many governments and non-governmental organizations have made strong 
efforts into the diffusion of sustainable agricultural technology, but the adoption 
remains limited and unevenly spread throughout the countryside, especially in the 
Third World (Pretty, 1995). Hence, Reichelderfer (1989) describes enhancing the 
implementation of integrated farming practices is much more difficult than boosting 
their stocks. 
Sustainable agriculture stresses the integration and improvement of ecological, 
economic and social benefits (Qu et al., 1998). Any component far outweighs 
another will lead to either environmental deterioration or painfully low acceptance. 
Hedgerow intercropping is a kind of sustainable farming systems (Carter, 1995). 
Many researchers believe that it is an efficient means of erosion control. In Zigui 
County, hedgerows have been under investigation since 1993. Many experiments 
verify that they are highly effective in shortening slope length, controlling erosion, 
maintaining field moisture, restoring soil nutrients and organic matter and generating 
green manure (Cai et al., 1996; Li et al., 1998; Xu et al, 2000; Li, 2001a). They 
definitely improve not only the present welfare, but also the future one. Such good 
trial results signify that contour hedgerows are an environmentally non-degrading 
measure. 
Similar to other developing nations such as Nigeria and the Philippines 
(Adesina & Chianu, 2002), the Zigui government and scientists have jointly diffused 
this bioengineering practice among the rural. In 2003, its area was about 8.60 km^ 
(Xu, personal communication). Although the performance of hedgerows in erosion 
control and fertility enrichment is proved, its economic viability and social 
acceptance are not well explored. Is Zigui County really on the path of sustainable 
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agriculture and development? Are the environmental, economic and social benefits 
equally weighed? In order to successfully spread contour hedgerows in mountainous 
regions, the responsible bodies concerned should substantiate they are really a 
sustainable measure from all-round angles. 
Previous studies show that hedgerows particularly the leguminous ones can 
provide significant amounts of macronutrients to improve land productivity (Li et al., 
1998), but the cost-benefit analysis demonstrates that external inputs are needed to 
make this bioengineering measure economically viable. Otherwise, yields may be 
affected owing to nutrient and moisture competition between hedgerows and crop 
plants nearby. In Zigui, around 80% of hedgerow users indicated that they had placed 
hedge residue under hedgerows as green manure and said such use would not cause 
any reduction in the quantities of chemical fertilizers. It is because they were 
uncertain about the influence of cutbacks on crop conditions. If farmers use green 
manure without any diminution in chemical fertilizers, hedgerow adoption is 
relatively meaningless in environmental conservation. Chemicals will cause build-up 
of heavy metals and nitrite toxicity in the water that will deteriorate the environment 
seriously (Ahmed, 1995). 
Ill order to solve this problem, scientists should examine the most appropriate 
combination for a hedgerow intercropping system plus the optimal amounts of farm 
inputs without impairing the nature under the current land use pattern. Insufficiency 
of fertilizers and manure would affect crop yields while overuse would result in 
ecological problems and money waste. Fundamentally, in line with the principle of 
Chinese ecological agriculture, the Zigui government can find out the equilibrium 
point between inorganic and organic fertilizers and recommend local fanners to use 
less chemical fertilizers if hedge terraces are existed. She has not done it well, 
however. Officials merely teach farmers how to manage hedgerow intercropping and 
do not spread the idea of rational use of fertilizers and manure. This may depreciate 
agricultural development and sustainability in Zigui County. 
Hedgerows had positive NPVs in the cost-benefit analysis and positive net 
profits in the financial analysis of this study, but it does not necessarily imply they 
are appealing in local farmers' mind. As stated earlier, people like to compare a new 
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agricultural practice with their existing ones. They are at least willing to try the 
implementation of hedgerows only if the bioengineering measure is superior to other 
fanning systems in term of net returns. Yet, hedgerows were ranked third in the 
financial analysis with no obvious output expansion and input reduction. Farmers 
interviewed also pinpointed that the nature of farming practices has no influence on 
farm inputs and outputs. They can make great earnings on whichever system as long 
as they grow high-value fruit trees. These findings are likely to show that there is no 
difference in incomes and expenditures among farming methods. 
Actually, hedgerows are better than other agricultural systems in a financial 
sense when initial investment costs are involved. Nonetheless, most Zigui farmers do 
not recognize they are a cost-effective measure since the government bears the 
establishment costs of both level terraces and hedgerow intercropping. In the Three 
Gorges Reservoir Region, according to the principles of 'resettlement with 
development', many sloping lands are converted into terracing systems to 
compensate relocated households with arable lands. However, the costs of level 
terraces is around \ yiianlhd. (Li, 2001a), and it would cause a financial burden to 
underprivileged counties. The progress is not fast due to the complicated 
construction work, as well. Therefore, even though the acceptance of hedgerows is 
not as high as stone terraces and earth terraces, officials can consult local dwellers 
and simultaneously grow hedgerows along contour lines in appropriate areas. It is 
believed that this action helps enhance the diffusion pace of hedgerows as well as 
increase the area of arable lands of the Reservoir Region. 
On the other hand, despite the divergence in investment costs between 
terracing systems and hedgerows, the Zigui cadres should not let farmers share the 
costs because they are already very poor. Rather, more creative methods can be 
employed to increase the adoption of hedgerows and make them more attractive 
among the public. In Ningnan County of Sichuan Province, Tang et al. (2003) carry 
out an experiment about the conditions of mulberry trees intercropped with 
hedgerows. They conclude that the performance of 'hedgerows + perennial plants' 
systems is better than that of 'hedgerows + grain crops' systems because the growth 
of mulberry trees is more vigorous. The area of hedgerow intercropping also boosts 
to 23.33 km^ when they are introduced with mulberry trees (Tang et al., 2003). Based 
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on these findings, the Zigui government can encourage local villagers to plant 
hedgerows together with chestnut trees or citrus trees in suitable areas. 
Besides, in foreign countries, numerous extensionists offer incentives such as 
seeds of improved crop varieties, free fertilizers and food assistance for rural 
dwellers to facilitate hedgerow acceptance and adoption (Versteeg & Koudokpon, 
1993). Such motivations are especially useful in developing countries. In Zigui 
County and other parts of the Reservoir Region, the government currently 
implements a similar policy in the afforestation programme by subsidizing 105 
kg/year of rice to those households planting trees on their sloping lands (Xu, personal 
communication). This ambitious programme aims at converting sloping croplands 
steeper than 25° into forest areas. Even if the net return of contour hedgerows was 
not the least, as numerous respondents indicated the possible problem of land 
occupation, the officials could think of similar driving force to speed up the adoption 
pace of hedgerows. 
Yet, some researchers regard incentives that are kinds of financial and material 
aids as a short-term use. Observations show that ecological agricultural development 
appears to succeed during the early stage but finally fades away after scientists leave 
villages because the innovative knowledge is not taken root in the countryside (Pretty, 
2002). This incident reveals that making contour hedgerows compatible with local 
cropping systems in a long nm is a great challenge to the government. 
Indigenous knowledge has intrinsic merit. Analysts are encouraged to take full 
advantages of it plus combine this knowledge with innovations if possible (Altieri, 
2002). The experiences of Indonesia reflect that local knowledge helps merge 
hedgerows into a cropping system. In this tropical country, contour hedgerow 
intercropping is not a completely new technique. It is built on indigenous agricultural 
systems (Carter, 1995), and Indonesian farmers are hence familiar with its design and 
management. Succinctly, extensionists should pay more attention to local knowledge 
and cooperate with ordinary villagers in the future. 
Compared with environmental conservation and economic viability, social 
acceptance seems to be the weakest and missing link between contour hedgerows 
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and sustainable agricultural systems in the present study. So far, hedgerows are not 
commonly acknowledged by Zigui villagers even if they are technically appropriate. 
Fanners undoubtedly are the ultimate users of hedgerows, but their roles and 
opinions are often overlooked during the research and development stage. They are 
exposed to this bioengineering practice until the diffusion task began in 1998. Some 
investigators indicate that it is one of the major reasons for limited adoption of new 
farming practices as scientists only examine hedgerows from an ecological viewpoint 
without any consideration of fanners' interests (Carter, 1995). 
In more recent time, scientists recognize the role of local people and no longer 
drive trial experiments alone. They collaborate with farmers and listen to their 
comments about the new agricultural technique (Carter, 1995). Farmers now are 
responsible for making decisions as well as managing on-farm plots. Therefore, 
Carter (1995) pinpoints that more interaction between fanners and extension 
agencies is resulted, and user-identified problems can be addressed under the 
principle of fanner participation research. 
Similar study approaches can be borrowed to Zigui County. As three 
demonstration sites are established in various towns and townships, government 
officials can extend their functions and set up on-farm trials in there. Local people 
can then take part in the daily operations of experimental plots and reflect their 
opinions about species selection and field design to the bodies concerned. Actually, 
by comparing the performance of on-station trials and on-farm trials, scientists could 
give villagers more practical advice and suggestions about hedgerow management 
and land productivity. 
In a word, contour hedgerows are a potentially sustainable fanning system� 
They have obviously positive influences on both agricultural environment and rural 
economy, especially with regard to food security, poverty alleviation and soil 
conservation (Qu et al” 1998). They additionally have spillover effects on gross 
domestic product, employment together with balance of payments (Kuyvenhoven et 
al” 1998). Nonetheless, the pillar of social sustainability is not strong and concrete 
owing to unusual hedgerow acceptance and adoption. The Zigui government, 
therefore, should put more efforts in this aspect in the future. 
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7.3 Limitations of the Study 
Difficulties were unavoidably encountered in the three separated but interrelated 
studies. By identifying their limitations, readers can draw a more reasonable 
conclusion, and investigators can take warnings from them in order to conduct better 
research in the future., 
Cost-benefit analysis is controversial in academic fields other than economics, 
and some researchers criticize its assumptions are unrealistic (Bojo, 1992). In the 
present analysis, it was assumed that values of direct and indirect effects were the 
same throughout the entire 15 years and fell at a constant discount rate. This is not 
true in the real world, however. The six trial plots were originally designed for the 
study of environmental consequences of soil erosion arising from the rehabilitation 
of sloping lands. As such, the data set collected was not really appropriate for the 
cost-benefit analysis. Some benefits such as nitrogen fixed by leguminous hedgerows 
are not considered due to data insufficiency. Off-site effects such as undermining of 
pavements, eutrophicatioii of watercourses, reduction of reservoir storage, loss of 
wild life habitats as well as crop burying in valleys were excluded, too (Gray & 
Leiser, 1989). The real world situation was unavoidably simplified, and the NPVs 
may be overvalued. 
In addition, the experimental plots were quite small in scale and crops grown 
were not truly representative of the current agricultural practice in Zigui County. 
Today, citrus production is widely spread in almost every part of the County, and thus 
the benefits arising from the growth of wheat and soybeans was grossly 
underestimated and cannot reflect the real condition. Also, data were gathered and 
examined in 1995-96, 1996-97 and 2002-03. Yields and environmental effects of soil 
erosion of the plots tended to fluctuate greatly between the three years, and yet there 
was no reference to the climatic conditions. The representative of average data to the 
climatic conditions is uncertain and this would affect the accuracy of the result of 
cost-benefit analysis. Some missing data were found in the 1995-96 records of runoff 
and sediment loss, as well. 
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The questionnaire survey was administrated by the staff of the Water and Soil 
Conservation Bureau and the students of the Huazhong Agricultural University. They 
both were untrained and may ask questions in different styles. Their consistency was 
not guaranteed and biases would be resulted in respondents' answers. The majority of 
farmers interviewed did not have any book-keeping about their farming activities, 
and most of them owned more than two agricultural systems on their family plots. 
They, to some extents, may find it difficult to precisely separate inputs and outputs 
between systems. Entries of the questionnaires were thus just the best estimations 
plus subject to the errors of memory. In addition, the four fanning systems had been 
implemented by Zigui people for various numbers of years. They, strictly speaking, 
are not directly comparable because the difference in adoption length may affect the 
amounts of yields in particular of perennial plants. 
During the discussion between interviewees and interviewers, perfectly, 
bystanders should express no opinion because their words may affect interviewees' 
responses and answers. However, this factor was not well controlled in the in-depth 
interviews. Language barriers, additionally, made the role of author became quite 
passive. He could not add probes when necessary and could only interpret 
respondents' views and ideas based on the transcripts, but not the conversations. 
Nonetheless, the thesis results are still worthwhile and meaningful for the 
investigation of sustainable development and agriculture in Zigui County. 
7.4 Suggestions for Further Studies 
The present study has made modest contribution to the social and economic 
aspects of contour hedgerows. It allows readers to have preliminary understanding of 
their economic viability, financial profitability as well as social perception among 
rural people. The findings are tentative, however. To further fill in this knowledge 
gap, more socioeconomic investigations are surely required before making a 
definitive conclusion in this regard. Therefore, in the final part of this thesis, 
solutions to the limitations of current study and directions in future research are made 
out. 
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Firstly， in addition to off-site effects, peoples' values on hedgerow 
implementation are important to cost-benefit analysis. To take this non-marketable 
attribute into account, willingness-to-accept of hedgerows can be elicited by using 
the contingent valuation method (Hanley & Spash, 1993; Hoevenagel, 1994). 
Meanwhile, intra-comparison between willingness-to-accept of hedgerows and 
demographic variables such as age, sex and education levels of respondents can be 
conducted in an attempt to provide more useful information for policymakers to 
formulate relevant strategies of hedgerow extension. 
Secondly, similar farm household surveys about agricultural inputs and outputs 
can be administrated in Zigui County many years later again. They can also be 
conducted in other counties of the Three Gorges Reservoir Region, in particular of 
those undergoing moderate and severe erosion. Consequently, temporal and spatial 
variation in the characteristics of integrated farming systems would be come to light, 
and scientists can make a better strategy in hedgerow diffusion based on the local 
environments. 
Thirdly, following Wossink et al. (1998), perception plays a significant role in 
the decision-making process. Apart from carrying out in-depth interviews and focus 
groups, questionnaire surveys with Likert scale can be performed to measure 
farmers' attitudes towards this innovative bioengineering practice (Oppenheim, 
1992). As a result, research teams will be able to distinguish the most relevant 
underlying attributes of hedgerow adoption and their interrelations as perceived by 
farmers. 
Moreover, analysts can follow a group of hedgerow users and non-hedgerow 
users for several years in order to explore their changing views on and preference for 
hedgerow intercropping over time, paying particular attention to the acceptance and 
learning process. In this case, poor memory of respondents will no longer be a 
problem, and more realistic and interesting information about the insight of contour 
hedgerows would be generated. 
Last but not least, market conditions and relative prices of yields are important 
to hedgerow implementation. Any change of them will cause impacts upon farmers' 
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decisions. Anderson (1995) indicates that cost-benefit analysis is only suitable for the 
static comparison of economic viability of various farming systems, but not for the 
assessment of their dynamic adjustments to prices or market changes. Hence, 
production function estimates can be applied to evaluate how the attractiveness of 
hedgerows is influenced by market changes (Ali & Byerlee, 1991). 
To conclude, this study is just a pilot one that must be regarded as the first step 
in examining contour hedgerows, an environmentally preferred management practice, 
in a behavioural economics approach. Further research, definitely, merits 
consideration and is needed to investigate their economic and social advantages in 
the ecologically fragile Three Gorges Reservoir Region. 
1 0 3 
Bibliography 
Adesina, A. A., & Chianu, J. (2002). Determinants of farmers' adoption and 
adaptation of alley farming technology in Nigeria. Agroforestry Systems. 55: 
99-112. 
Adesina, A. A., Mbila, D., Nkamleu, G. B., & Endamana, D. (2000). Ewconomic 
analysis of the determinants of adoption of alley fanning by fanners in the 
forest zone of southwest Cameroon. Agriculture, Ecosystems and 
Environment. 80: 255-265. 
Ahmed, S. (1995). Agriculture-fertilizer interface in Asia: issues of growth and 
sustainability. Lebanon, N. H.: Science Publishers. 
Ali, M., & Byerlee, D. (1991). Economic efficiency of small farmers in a changing 
world: a survey of recent evidence. Journal of International Development. 
3:1-27. 
Allison, F. E. (1973). Soil organic matter and its role in crop production. Amsterdam: 
Elsevier Scientific Publishing Company. 
Altieri, M. A. (2002). Agroecological principles for sustainable agriculture. In: 
Uphoff, N. (Ed.). Agroecological innovations: increasing food production 
with participatory development. London: Earthscan Publications, pp. 40-57. 
Anderson, J. R. (1995). Agricultural technology: policy issues for the international 
community. Wallingford: CAB International. 
Anderson, L. G, & Settle, R. F. (1977). Benefit-cost analysis: a practical guide. 
Lexington: Lexington Books. 
1 0 4 
Atta-Kiah, A. N., & Francis, P. A. (1987). The role of on-farm trials in the evaluation 
of composite technologies: the case of alley farming in southern Nigeria. 
Agricultural Systems 23 (2): 133-152. 
Bamire, A. S., & Manyong, V. M. (2003). Profitability of intensification tecliiioIogieG 
among smallholder maize farmers in the forest-savanna transition zone of 
Nigeria. Agriculture, Ecosystems and Environment. 100: 111-118. 
Beedell, J. D. C., & Rehman, T. (1999). Explaining fanners‘ conservation "beliavicrji": 
why do farmers behave the way they do? Journal of Environmental 
Management. 57: 165-176. 
Bojo, J. (1992). Cost-benefit analysis of soil and water conservation projects; a 
review of 20 empirical studies. In: Tato, K., & Humi, H. (Eds.). Soil 
conservation for survival. Ankey: Soil and Water Conservation Society in 
cooperation with International Soil Conservation Organization and World 
Association of Soil and Water Conservation, pp. 195-205. 
Buckles, D., Triomphe, B., & Sain, G. (1998). Cover crops in hillside agriculture: 
fanner innovation with mucuna. Ottawa: International Development 
Research Centre. 
Cai, C., Ding, S., Zhang, G, Huang, L., & Wang, D. (1996). A preliminary study on 
the conditions and losses of nutrients of purple soils in Three Gorge 
Reservoir Area (TGRA). Geographical Research. 15 (3): 77-84. (in 
Chinese) 
Cai, Q., Lam, K. C., Ng, S. L., & Chau, K. C. (2000). Agroforestry and ecological 
agriculture in the Three Gorges Reservoir Region. In: Cai, Q., Ng, S. L., 
Lam, K. C., Ckau, K. C., & Zhang, G. (Eds.). Eco-agricultural development: 
theory and practice— 2000’ Symposium in Hong Kong. Beijing: 
Meteorology Press, pp. 24-34. (in Chinese) 
1 0 5 
Cai, Q., Zhang, G.，Wu, S., & Ding，S. (1997). An analysis on the stability of terrace 
in the Three Gorges Reservoir Area. Geographical Research. 16 (1): 45-52. 
(in Chinese) 
Cai, Y•，& Smit, B. (1994). Sustainability in agriculture: a general review. Agriculture, 
Ecosystems and Environment. 29: 199-307. 
Carpenter, R., & Dixon, J. A. (1985). Ecology and economics: a guide to sustainable 
development. Environment. 27 (5): 6-11, 27-32. 
Carter, J. (1995). Alley farming: have resource poor farmers benefited? Natural 
Resource Perspective. 3:1-4. 
Gary, J. W., & Wilkinson, R. L. (1997). Perceived profitability and farmers’ 
conservation behaviour. Journal of Agricultural Economics. 48: 13-21. 
Castro, N. M. R., Chevallier, P., & Silveim, A. L. L. (1992). Agriculture on the 
Brazilian basaltic plateau. Cultivation practices and soil conservation: first 
results of the Potiribii project. In: Wicherek, S. (Ed.). Farm land erosion: in 
temperate plains environment and hills: proceedings of the international 
symposium on farm land erosion, Paris, Saint-Cloud, France, 25-29 May 
1992. Amsterdam: Elsevier Scientific Publishing Company, pp. 403-414. 
Chau, K. C. (1995). The Three Gorges Project of China: resettlement prospects and 
problems. Ambio. 24 (2): 98-102. 
Clay, D., Reardon, T., & Kangasniemi, J. (1998). Sustainable intensification in the 
highland tropics: Rwadan fanners' investments in land conservation and 
soil fertility. Economic Development and Cultural Change. 46 (2): 351-378. 
Cramb, R. A., Garcia, J. N. M.，Gerrits, R. V” & Saguiguit, G. C. (1999). Smallholder 
adoption of soil conservation technologies: evidence from upland projects 
in the Philippines. Land Degradation and Development. 10: 405-423. 
1 0 6 
Current, D., Lutz, E., & Scherr, S. J. (1995). The costs and benefits of agroforestry to 
farmers. Washington, D.C.: International Food Policy Research Institute. 
Dasgupta, P., Sen, A., & Marglin, S. (1972). Guidelines for project evaluation. New 
York: United Nations. 
Ding, S. (2003). Associate professor, the College of Resources and Environment, the 
Huazhong Agricultural University, [personal communication . 
Duchaufour, P. (1992). Long-term effects of erosion on soil degradation. In: 
Wicherek, S. (Ed.). Farm land erosion: in temperate plains environment 
and hills: proceedings of the international symposium on farm land erosion, 
Paris, Saint-Cloud, France, 25-29 May 1992. Amsterdam: Elsevier 
Scientific Publishing Company, pp. 173-176. 
Dunn, K. (2000). Interviewing. In: Hay, 1. (Ed.). Qualitative research methods in 
human geography. South Melbourne: Oxford University Press, pp. 50-82. 
Edmonds, R. L. (2000). Recent developments and prospects for the Sanxia (Three 
Gorges) Dam. In: Cannon, T. (Ed.). China ’s economic growth: the impact 
on regions, migration and the environment. New York: St. Martin's Press, 
pp. 161-183. 
Ellis, F. (1988). Peasant economics: farm households and agrarian development. 
Cambridge: Cambridge University Press. 
Erskine, J. M. (1991). Agroforestry: its development as a sustainable, productive 
land-use system for low-resource farmers in Southern Africa. In: Jarvis, P. G. 
(Ed.). Agroforestry: principles and practice. Amsterdam: Elsevier, pp. 
281-291. 
Fabiyi，Y. L., Idowu, E. O., & Oguntade, A. E. (1991). Land tenure and management 
constraints to the adoption of alley farming by women in Oyo State of 
Nigeria. The Nigeria Journal of Agriculture. 6: 40-46. 
1 0 7 
Fang, Z., & Wang, S. (1993). Resettlement problem of the Three Gorges Project. In: 
Luk, S. H., & Whitney, J. (Eds.). Megaproject: a case study of China's 
Three Gorges Project. New York: M. E. Sharpe. pp. 176-184. 
Feamside, P. M. (1993). Resettlement plans for China's Three Gorges Dam. In: 
Barber, M., & Ryder, G. (Eds.). Damming the three gorges: what dam 
builders don ’t want you to know: a critique of the Three Gorges Water 
Control Project feasibility study. London: Earthscan Publications, pp. 
34-58. 
Follett, R. R, & Stewart, B. A. (1985). Soil erosion and crop productivity. Madison: 
American Society of Agronomy. 
Ford, J. K. (1981). A framework for financial analysis. Englewood Cliffs: Prentice 
Hall. 
Francis, D. G. (1994). Family agriculture: tradition and traiisforniatloii. London: 
Earthscan Publications. 
Fravel, D. L” & Boss, P. G. (1992). An in-depth interview with the parents of missmg 
children. In: Gilgim, J. R, Daly, K., & Handel, G. (Eds.). Qualitative 
methods in family research. California: Sage. pp. 126-145. 
Garrity, D. (2002). Increasing the scope for food crop production on sloping lands in 
Asia: contour farming with natural vegetative strips in the Philippines. In: 
Uphoff, N. (Ed.). Agroecological innovations: increasing food production 
with participatory development. London: Earthscan Publications, pp. 
221-230. 
Georgiou, S., Whittington, D., Pearce, D., & Moran, D. (1997). Economic values and 
the environment in the developing world. Cheltenham: Edward Elgar 
Publishing. 
1 0 8 
Ghinassi, G, & Neri, L. (1998). Effect of mulching with black polyethylene sheets 
on sweet pepper evapotranspiration losses. In: Pereira，L. S., & Gowing, J. 
(Eds.). Water and the environment: innovation issues in irrigation and 
drainage. New York: E & FN Spon. 
Gittinger, J. P. (1972). Economic analysis of agricultural projects. Baltimore: Johns 
Hopkins University Press. 
Gray, D. M., & Leiser, A. T. (1989). Biotechnical slope protection and erosion 
control Malabar: R. E. Kreiger Publishing Company. 
Guo, T. (1992). On the potential of terrace edge economy. Soil and Water 
Conservation in China. 12: 17-24. (in Chinese) 
Hartley, N., & Spash, C. L. (1993). Cost-benefit analysis and the environment. 
England: Edward Elgar Publishing. 
Henderson, H. K. (1995). The gender division of labor. In: Henderson, H. K., & 
Hansen, E. (Eds.). Gender and agricultural development: surveying the 
field. Tucson: University of Arizona Press, pp. 3-11. 
Herdt, R. W., & Steiner, R. A. (1995). Agricultural sustainability: concepts and 
conundrums. In: Bamett, V., Payne, R., & Steiner, R. (Eds.). Agricultural 
sustainability: economic, environmental, and statistical considerations. 
New York: Wiley, pp. 3-13. 
Hoevenagel, R. (1994). An assessment of the contingent valuation method. In: Pethig, 
R. (Ed.). Valuing the environment: methodological and measurement issues. 
Boston: Kluwer Academic Publishers, pp. 195-227. 
Hu, K. (2001). Zigui County. In: The Editorial Board of Hubei Yearbook. (Ed.). 
Hubei Yearbook: 2001. Hubei: Hubei Yearbook Press, pp. 472-475. (in 
Chinese) 
1 0 9 
Huang, B. (1993). Development of agriculture in the Three Gorges Region for the 
resettlement of farming population in the projected reservoir. Geographical 
Research. 12 (1): 44-55. (in Chinese) 
Hudson, N. W. (1981). Soil conservation Ed.). New York: Cornell University 
Press. 
Hughes, N. C. (2002). China s economic challenge: smashing the iron rice bowl. 
New York. M. E. Sharpe. 
International Labour Office. (1951). Methods of labour productivity statistics: report 
prepared for the seventh International Conference of Labour Statisticians, 
Geneva, September 1949. Geneva: International Labour Office. 
Irvin, G. (1978). Modern cost-benefit methods: an introduction to financial, 
economic，and social appraisal of development projects. New York: Barnes 
& Noble Books. 
Jones, M. J. (1993). Sustainable agriculture: an explanation of a concept. Tn: Crop 
protection and sustainable agriculture. New York: Wiley, pp. 30-38. 
Keddeman, W. (1992). An economic analysis of soil conservation projects in 
Ethiopia. In: Tato, K., & Hurni, H. (Eds.). Soil conservation for survival. 
Ankey: Soil and Water Conservation Society in cooperation with 
International Soil Conservation Organization and World Association of Soil 
and Water Conservation, pp. 231-238. 
Keeney, D., & Cmse, R. (1998). The connection between soil conservation and 
sustainable agriculture. In: Pierce, F. J., & Frye, W. W. (Eds.). Advances in 
soil and water conservation. Chelsea: Ann Arbor Press, pp. 185-194. 
no 
Kejela, K. (1992). The costs of soil erosion in Anjeni, Ethiopia. In: Tato, K., & Humi, 
H. (Eds.). Soil conservation for survival. Ankey: Soil and Water 
Conservation Society in cooperation with International Soil Conservation 
Organization and World Association of Soil and Water Conservation, pp. 
219-230. 
Kim, S. H., & Dixon, J. A. (1986). Economic valuation of environmental quality 
aspects of upland agricultural projects in Korea. In: Dixon, J. A., & 
Hufschmidt, M. M. (Eds.). Economic valuation techniques for the 
environment: a case study workbook. Baltimore: Johns Hopkins University 
Press, pp. 63-82. 
Kuyvenhoven, A., Becht, J. A., & Ruben, R. (1998). Financial and economic 
evaluation of phosphate rock use to enhance soil fertility in West Africa: is 
there a role for government? In: Wossink, G. A. A., van Kooten G. C.，& 
Peters G. H. (Eds.). Economics of agro-chemicals: an international 
ovei^iew of use patterns, technical and institutional detenniiiaiits, policies 
and perspectives: selected papers of the symposium of the International 
Association of Agricultural Economists held at Wageningen, The 
Netherlands, 24-8 April 1996. Aldershot: Ashgate. pp. 249-261. 
Kuyvenhoven, A., & Ruben, R. (2002). Economic conditions for sustainable 
agricultural intensification. In: Uphoff, N. (Ed.). Agroecological 
innovations: increasing food production with participatory development. 
London: Earthscan Publications, pp. 58-70. 
Lapar, M. L., & Pandey, S. (1999). Adoption of soil conservation: the case of the 
Philippines uplands. Agricultural Economics. 21: 241-256. 
Larson, W. E. (1981). Protecting the soil resource base. Journal of Soil Water 
Conservation. 36 (1): 13-16. 
Lemon, M., & Park, J. (1993). Elicitation of farming agendas in a complex 
environment. Journal of Rural Studies. 9: 405-410. 
I l l 
Li, D. (2002). Industrialization and the sustainable development of China ’s 
agriculture. Hong Kong: China Digital Publishing House. 
Li, W. (2001a). Agro-ecological farming systems in China. New York: Parthenon 
Publishing Group. 
.(2001b). Ecological agriculture and development of eco-agricultural counties 
in China. Research of Soil and Water Conservation. 8 (4): 17-20, 45. (in 
Chinese) 
Li, W., & Lai, S. (1994). Agroforestry in China. Beijing: Science Press, (in Chinese) 
Li, X., Peng, Y., Jiang, C., & Li, S. (1998). The contour hedgerow technology in 
enhancing sustainable productivity of slopelands: a case study of the Three 
Gorges Area. Geographical Research. 17 (3): 309-315. (in Chinese) 
Li, X., & Shi, X. (1996). On experimental studies of contour hedgerow. 
Geographical Research. 15 (1): 66-72. (in Chinese) 
Liang, J. (1995). Characteristic analysis of the storm and hydrology in the Zigui 
Region. Geographical Research. 14 (4): 78-84. (in Chinese) 
Liu, Q. (1999). Resettlement and sustainable development in the Three Gorges 
Reservoir Region. In: Yeung, Y. M., Lu, D., & Shen, J. (Eds.). Towards the 
century of China: urban, rural and regional development. Hong Kong: 
Hong Kong Institute of Asia-Pacific Studies, pp. 523-540. (in Chinese) 
Lo, K. R A.，Chiang, S. H., & Tsai, B. W. (1992). Soil erosion evaluation on 
hillslopes in Taiwan. In: Wicherek, S. (Ed.). Farm land erosion: in 
temperate plains environment and hills: proceedings of the international 
symposium on farm land erosion, Paris, Saint-Cloud, France, 25-29 May 
1992, Amsterdam: Elsevier Scientific Publishing Company, pp. 451-462. 
1 1 2 
Lohr, L., & Park, T. A. (1994). Discrete/continuous choices in contingent valuation 
surveys: soil conservation decisions in Michigan. Review of Agricultural 
Economics. 16: 1-15. 
Luo, S.，& Han, C. (1990). Ecological agriculture in China. In: Edwards, C. A., Lai, 
R., Madden, P., Miller, R. H., & House, G. (Eds.). Sustainable agricultural 
systems. Ankeny: Soil and Water Conservation Society. 
Mehta, N. G., & Leuschner, W. A. (1997). Financial and economic analyses of 
agroforestry systems and a commercial timber plantation in the La Amistad 
Biosphere Reserve, Costa Rica. Agroforestry Systems. 37: 175-185. 
Mercer, D. E., & Miller, R. P. (1998). Socioeconomic research in agroforestry: 
progress, prospects, priorities. In: Nair, P. K. R., & Latt, C. R. (Eds.). 
Directions in tropical agroforestry research. Dordrecht: Kluwer Academic 
Publishers, pp. 177-193. 
Merrill, J. C., Lee, J., & Friedlander, E. J. (1990). Modern mass media. New York: 
Harper & Row. 
Ministry of Agriculture. (2002). Agricultural yearbook of China: 2002. Beijing: 
China Agriculture Press, (in Chinese) 
Mitchell, J. K., Branch, J. C., & Swanson, E. R. (1980). Costs and benefits of 
terraces for erosion control. Journal of Soil Water Conservation. 35 (5): 
233-236. 
Mo, P. (1997). Effect of integrated farm practices on sustainable agriculture in Zigui 
county, the Three Gorges region of China. M.Phil thesis. The Chinese 
University of Hong Kong. Unpublished. 
Mokwunye, U. (2001). Do African soils only sustain subsistence agriculture? In: 
Virchow, D., & Braun, J. (Eds.). Villages in the future: crops, jobs and 
livelihood. New York: Springer, pp. 175-183. 
1 1 3 
Moss, L. H., Epstein, E., & Logan, T. (2002). Evaluating the risks and benefits of soil 
amendments used in agriculture. London: IWA Publisher. 
Myers, R. J. (1989). Economic testing for risk averse behaviour in agriculture. 
Applied Economics. 21: 541-552. 
Neher, D. (1992). Ecological sustainability in agricultural systems: definition and 
measurement. In: Olson, R. K. (Ed.). Integrating sustainable agriculture, 
ecology, and environmental policy. Binghamton: Food Product Press, pp. 
51-61. 
Ng, S. L., Chau, K. C., & Lam, K. C. (2001). A discussion on several fundamental 
issues of the development of eco-agriculture in China. In: Journal of 
Natural Resources. 16 (4): 320-324. (in Chinese). 
Norberg-Hodge, H., Goering, R, & Page, J. (2001). From the ground up: rethinking 
industdal agriculture. (T^ Ed.). New York; Zed Books in association with 
International Society for Ecology and Culture. 
Norris, P. E., & Batie, S. S. (1987). Virginia farmers' soil conservation decisions: an 
application of Tobit analysis. Southern Journal of Agricultural Economics. 
19: 79-89. 
Oppenheim, A. N. (1992). Questionnaire design, interviewing and attitude 
measurement. London: Pinter Publishers. 
Pannell, D. J. (2003). Uncertainty and adoption of sustainable farming systems. In: 
Babcock, B. A., Fraser, R. W., & Lekakis, J. N. (Eds.). Risk management 
and the environment: agriculture in perspective. Boston: Kluwer Academic 
Publishers, pp. 67-81. 
Pattanayak, S. K., & Mercer, D. E. (1998). Valuing soil conservation benefits of 
agroforestry: contour hedgerows in the Eastern Visayas, Philippines. 
Agricultural Economics. 18: 31-46. 
1 1 4 
Pattanayak, S. K., Mercer, D. E., Sills, E , & Yang, J. (2003). Taking stock of 
agroforestry adoption studies. Agroforestry Systems. 57: 173-186. 
Pimentel, D. (1999). Environmental and economic benefits of sustainable agriculture. 
In: Kohn, J., Gowdy, J., Hinterberger, R, & Straaten, J. (Eds.). 
Sustainability in question: the search for a conceptual framework. 
Northampton: Edward Elgar Publishing, pp.153-170. 
Pimentel, D., Gamick, E., Berkowitz, A., Jacobson, S., Napolitano, S., Black, R, 
Valdes-Cogliano, S., Vinzant, B., Hudes, E., & Littman, S. (1980). 
Environmental quality and natural biota. Bioscience. 30 (11): 750-755. 
Pimentel, D., Harvey, C., Resosudamio, P., Sinclair, K., Kurtz, D., McNair, M., Crist, 
S., Spritz, L., Fitton, L., Saffouri, R., & Blair, R. (1995). Environmental and 
economic costs of soil erosion and conservation benefits. Science. 267: 
1117-1123. 
Poincelot, R. P. (1986). Toward a more sustainable agriculture. Westport: AVI 
Publishing Company. 
Prasad, R., & Power, J. F. (1997). Soil fertility management for sustainable 
agriculture. Boca Raton: Lewis Publishers. 
Pretty, J. (1995). Regenerating agriculture: policies and practices for sustainability 
and self-reliance. London: Earthscan. 
.(2002). Social and human capital for sustainable agriculture. In: Uphoff, N. 
(Ed.). Agroecological innovations: increasing food production with 
participatory development. London: Earthscan Publications, pp. 47-57. 
Pretty, J., & Hine, R. (2000). The promising spread of sustainable agriculture in Asia. 
Natural Resources Forum. 24: 107-121. 
115 
Qu, R, Zhang, R., & Wu, J. (1998). Evaluating sustainability of intensive farming 
systems in China. In: Wossink, G. A. A., van Kooten G. C., & Peters G. H. 
(Eds.). Economics of agro-chemicals: an international overview of use 
patterns, technical and institutional determinants, policies and perspectives: 
selected papers of the symposium of the International Association of 
Agricultural Economists held at Wageningen, The Netherlands, 24-8 April 
1996. Aldershot: Ashgate. pp. 145-153. 
Qu, G. (1991). The review and prospect of eco-farming construction in China. 
Beijing: China Environmental Science Press. 
Reichelderfer, K. H. (1989). Externalities and the return to agricultural research: 
discussion. American Journal of Agricultural Economics. 71: 461-465. 
Reijntjes, C. B., Haverkort, B., & Waters-Bayer, A. (1992). Farming for the future: 
cm introduction to low-externa I-inpu t and sustainable agriculture. London: 
ILEIA. 
Renaiid, F. (1997). Financial cost-benefit analysis of soil conservation practices in 
Northern Thailand. Mountain Research Development, 17: 11-18. 
Rogers, E. M. (1995). Diffusion of innovations Ed.). New York: Free Press. 
Ruben, R., Heerink, N. B. M., & Mol, E. (1998). Economic evaluation of low and 
high external input agriculture: a production function analysis for Indonesia. 
In: Wossink, G. A. A., van Kooten G. C., & Peters G. H. (Eds.). Economics 
of agro-chemicals: an international overview of use patterns, technical and 
institutional determinants, policies and perspectives: selected papers of the 
symposium of the International Association of Agricultural Economists held 
at Wageningen, The Netherlands, 24-8 April 1996. Aldershot: Ashgate. pp. 
127-144. 
Ruttan, V. W. (2001). Technology, growth, and development: an induced innovation 
perspective. New York: Oxford University Press. 
1 1 6 
Sanders, R. (2000a). Is ecological agriculture sustainable in China? In: Cannon, T. 
(Ed.). China's economic growth: the impact on regions, migration and the 
environment. New York: St. Martin's Press, pp. 226-247. 
.(2000b). Prospects for sustainable development in the Chinese countryside: 
the political economy of Chinese ecological agriculture. Brookfield: 
Ashgate. 
Schumann, H. A. (1994). The production of organic and biofertilizers. Agrochemicals 
News in Brief. 17(2): 24-31. 
Sharma, R. A., & McGregor, M. J. (1991). The socio-economic evaluation of 
Agroforestry in Orissa (India). Agroforestry: principles and practice. 
Amsterdam: Elsevier, pp. 237-250. 
Shen, Y., Leng, S.，Zhang, Y., Peng, Y, Li, S.，Wang, Y., & Jiang, C. (1995). An 
analysis on structure types and benefits of slope land agroforestry system: 
taking the Three Gorge Reservoir Area as an example. Geographical 
Research. 14 (3): 43-51. (in Chinese) 
Shi, Z., Cai, C., Ding, S., Wang, T , & Chow, T. L. (2004). Soil conservation planning 
at the small watershed level using RUSLE with ^GIS; a case study in the 
Three Gorge Area of China. Catena. 55: 33-48. 
Shively, G. (1997). Consumption risk, farm characteristics, and soil conservation 
adoption among low-income farmers in the Philippines. Agricultural 
Economics. 17: 165-177. 
.(1999). Risks and returns from soil conservation: evidence from low-income 
farms in the Philippines. Agricultural Economics. 21: 53-67. 
Sinden, J. A., & King, D. A. (1990). Adoption of soil conservation measures in 
Manilla Shire, New South Wales. Review of Marketing and Agricultural 
Economics. 58: 179-192. 
1 1 7 
Statistics Bureau of Hubei Province. (2002). The fifth population census of Hubei 
Province: main report. Beijing: China Statistics Press, (in Chinese) 
Statistics Bureau of the PRC. (1996). The economy of Chinese counties (Vol 
Mid-South China). Beijing: China Statistics Press, (in Chinese) 
.(2000). Socioeconomic statistics of Chinese cities and counties: 2000. Beijing: 
China Statistics Press, (in Chinese) 
. (2002) . Poverty monitoring report of rural China: 2002. Beijing: China 
Statistics Press, (in Chinese). 
Statistics Bureau of Yichang City. (2002). Statistical Yearbook of Yidiang: 2002. 
Beijing: China Statistics Press. 
.(2003). Statistical Yearbook of Yichang: 2003. Beijing: China Statistics Press. 
Sullivan, L. R. (1999). The Three Gorges Dam and the issue of sustainable 
development in China. In: Vig, N. J., & Axelrod, R. S. (Eds.). The global 
environment: institutions, law，and policy. Washington, D. C.: CQ Press, pp. 
300-316. 
Tang, Y., Chen, K., Xie, J., & Sun, H. (1999). Potential of nitrogen fixing plants for 
sustainable mountain agricultural development. Geographical Research. 18 
(1): 73-78. (in Chinese) 
Tang, Y., Zhang, Y., Xie, J., & Sun，H. (2003). Incorporation of mulberry in contour 
hedgerows to increase overall benefits: a case study from Ningnan County, 
Sichuan Province, China. Agricultural Systems. 76: 775-785. 
Thirtle, C., G, & Ruttan, V. W. (1987). The role of demand and supply in the 
generation and diffusion of technical change. Switzerland; Harwood 
Academic Publications. 
1 1 8 
Tian, R, & Lin, F. (1993). Population resettlement and economic development in the 
Three Gorges Reservoir Area. In: Luk, S. H., & Whitney, J. (Eds.). 
Megaproject: a case study of China ’s Three Gorges Project. New York: M. 
E. Sharpe. pp. 185-195. 
Tjemstrom, R. (1992). Yields from terraced and non-terraced fields in the Machakos 
district of Kenya. In: Tato, K., & Humi, H. (Eds.). Soil conservation for 
survival. Iowa: Soil and Water Conservation Society in cooperation with 
International Soil Conservation Organization and World Association of Soil 
and Water Conservation, pp. 251-265. 
Tschirley, J. B. (1997). What is sustainable agriculture and rural development 
(SARD)? In: Moldan, B., Billharz, S., & Matravers, R. (Eds.). 
Sustainability indicators: a report on the project on indictors of sustainable 
development. New York: Wiley, pp. 221-229. 
United Nations Economic and Social Council. (2000). Sustainable agriculture and 
rural development: linkages between agriculture, land and water. New 
York: United Nations. 
United Nations Food and Agriculture Organization. (1988). The State of Food and 
Agriculture: 1988. Rome: United Nations Food and Agriculture 
Organization. 
Uri, N. D., Atwood, J. D.，& Sanabria, J. (1999). The environmental benefits and 
costs of conservation tillage. Environmental Geology. 38 (2): 111-125. 
Veloz, A., Southgate, D., Hitzhusen, R, & Macgregor, R. (1985). The economics of 
erosion control in a subtropical watershed: a Dominican case. Land 
economics. 61 (2): 145-155. 
Versteeg, M. N., & Koudokpon，V. (1993). Participative farmer testing of four low 
external input technologies, to address soil fertility decline in Mono 
Province (Benin). Agricultural Systems. 42: 265-276. 
1 1 9 
Wang, W., & Luo, P. (2002). Development of Zigui County in 2001. In: Statistics 
Bureau of Yichang City. (Ed.). Statistical Yearbook of Yichang: 2002. 
Beijing: China Statistics Press, pp. 29-31. (in Chinese) 
Water Conservation Committee of Changjiang. (1997a). The study of ecological and 
environmental impact of the Three Gorges Project. Wuhan: Hubei Science 
and Technology Press, (in Chinese) 
.(1997b). The study of resettlement programme of the Three Gorges Project. 
Wuhan: Hubei Science and Technology Press, (in Chinese) 
Watts, D., & Yue, Z. (2000). Erosion in deep gorges: the Leaping Tiger Gorge on the 
upper Yangtze. In: Cannon, T. (Ed.). China's economic growth: the impact 
on regions, migration and the environment. New York: St. Martin's Press, 
pp. 293-308. 
Wossink, G. A. A., de Buck, A. J., & van Niejenhuis, J. II. (1998). Farmers‘ 
perceptions of sustainable production techniques: weed control in siigarbeet. 
In: Wossink, G. A. A., van Kooten G. C., & Peters G. H. (Eds.). Economics 
of agro-chemicals: an international ovemew of use patterns，technical and 
institutional determinants, policies and perspectives: selected papers of the 
symposium of the International Association of Agricultural Economists held 
at Wageningen, The Netherlands, 24-8 April 1996. Aldershot: Ashgate. pp. 
181-192. 
Wu, W., & Lii, C. (1999). Towards the 2产 century of agricultural villages in Hubei: 
the report of the first agricultural census of Hubei Province. Wuhan: China 
Statistics Press, (in Chinese) 
Xu, R, Cai, Q., Wu, S.，Zhang, G, Ding, S., & Cai, C. (2000). A study on soil 
nutrient loss control by slope eco-engineering in the Three Gorge Reservoir 
Region: taking the contour hedgerows as an example. Geographical 
Research. 19 (3): 305-310. (in Chinese) 
1 2 0 
Xu, K. (2003). Head, the Water and Soil Conservation Bureau of Zigui County, 
[personal communication] 
Yaffey, M. (1992). Financial analysis for development: concepts and techniques. 
London: Routledge. 
Yu, X. (1999). Certain issues about the economic trend and development of 
Changjiang. In: Yeung, Y. M., Lu, D., & Shen, J. (Eds.). Towards the 2产 
century of China: urban, rural and regional development. Hong Kong: 
Hong Kong Institute of Asia-Pacific Studies, pp. 501-510. (in Chinese) 
Zhang, Z., Wang, H., & Jin, T. (1989). Comprehensive utilization of terrace-edges in 
western Henan Province. Soil and Water Conservation in China. 11: 26-31. 
(in Chinese) 
Zigui Government. (1991). Zigui County Annals. Beijing: China Encyclopedia 
Publishing Society, (in Chinese) 
———.(2002). Introduction of the experiments of water and soil conservation in Zigui 
County. Unpublished data, (in Chinese) 
1 2 1 
Appendix I: 
Structured Questionnaire 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 3 3 
Appendix III: 
Interview Guide for Non-hedgerow Users 




























1 3 5 
及投工可行性等’是不是你的考虑因素之11 - ‘)为什么9 
21.政府曾否向你们讲解「植物®」的使用方法9 乂彳」7?1料悄;们的fi:见‘？你 
觉得这些咨询足够吗9 
2 2 .到 |二_|前为止，frt 物 棚 i 的使⑴率仍然(tS 低。(•jii^Vj：!：/^ ;'；!!：^  >、I •；： 
和物资三川Ai ’要捉丨•办的 > 能 f j 々 乂 地 m r _ � i i ! ‘ : : r ;； 
(水 I:流;^  
23. 满计丨丨：迪! 'i 奶2 |:丨:：•；•'"-"/••"•：'••：'：•'： ？ ‘ . � 
24. f ; j ; L � J j f ' i ) j j水 I:流失的HL�.丄丨‘：，‘「.:.」‘:：;'.'」：.:::：.'：.’:.•::/ —:、：：」.. . 
2 5 .你知 丫⑶丨 j Q f ' j � ]「丨 1 「丨物沼」丨 i 二？ 
2(�f尔乂M,G小丨丄|丨）I 丨爾二"]•(:々 :::•。_•:。::’:： i�"”二）':::.:,、‘.) 
( 化 : 二 1 1 ) 
.::i'�丨IJ�丨i j丨‘、j I i I t-
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Appendix IV: 
Interview Guide for Government Officials 
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1 引 言 
经过多年的研究和讨论，举世瞩目的长江三峡工程项目终于在 1 9 9 2 年 4 月第七届人民代表大会 
第五次会议上正式通过；同时这亦标志着长江流域的天然资源、生态环境和社会经济从此步入一个新： 
的时代。大坝的兴建无疑有助防洪排游、改善航运、开发水力发电、以及刺激旅游业的发展，给中国的 i 
民生和经济发展注入新动力 [ 1 ’ 2 �。然而，位处库区内 1 9 个县市的部份地区却会因水位上升而被淹没i 
于 三 峡 水 库 之 下 ⑴ 。 作 为 库 区 首 县 的 姊 归 县 ， 政 府 除 了 要 协 助 1 0 4 多 受 影 响 的 人 民 作 后 靠 迁 移 
夕卜 I 3 ，还要为他们提供足够的耕地，使他们能恢复生计和重建家园。由于三峡库区地势陡峭，耕地不 
多，全秭归县人均耕地面积只有 0 . 9 h m 2 ，远低于全国的平均值 1 . 5 2 h m 2 [ 4 ]，所以县政府便在县内多处 
进行“坡改梯”计划，增垦水平梯田的面积，目的是要创造耕地，并避免因水土流失所引发的土地退化、 
下 游 水 库 游 积 和 污 染 等 问 题 。 直 至 2 0 0 2 年 为 止 ， 全 县 的 梯 田 面 积 约 为 1 3 X 1 0 4 h m \ 占耕地总面积 | 
. 2 6 . 4 % 0 一 
增垦的水平梯田主要分石坎梯田和土坎梯田两大类。虽然两者都能有效降低水土流失和舒缓土 
壤侵蚀，但它们本身都存在着不少的缺点。建筑石坎梯田的工程比较庞大，造价高昂，维修困难； =上 
它占地但无产出，使增垦的梯田面积无法充分利用 [ 5 ]。此外，姊归县属大陆性亚热带地区，夏季高温丨 
潮湿；而岩石以紫色砂岩为主，风化速度高，以致石坎的使用年限不长。有报告指出，当地一些新修筑 I 
.的石坎，仅 2 年后其表面已明显被风化，有些更近乎松脱，估计不出 5 年之内它们便会因进一步风化 i 
而崩塌⑷。土坎梯田的建造成本虽然比石坎梯田低，但其稳定性却比不上石坎梯田。每当暴雨过后， I 
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丨均气温分别是1 013.1mm和16.7T[ i2� 
； 实验小区的面积为10mx2m，坡度为25�，土壤是石灰性紫色土，作物是大豆（夏季）和小麦（冬 
季）• C是「对照」小区，区内没有任何控制水土流失 表1实验小区的运作方式 」 
的措施。其余5个小区均于0m，7m和14m处种植 Table 1 Operation of six trial plots  
了 植 物 算 共 3 排 ， 每 排 植 物 篤 由 2 行 香 根 草 实验小区 • 
：(Veuvena zizamoides )交错组成，每株香根草相距约 C P 户 0 />/ P1M PIOM 
10cm�这5个小区代表植物篤五种不同的运作方式 植物窝① v^  X/ V V V .::、 
(表1):/^是「植物篤」小区；是「植物篤+有机 有机肥② V 
月巴」小区；是「植物算+化肥」小区；P碰是「植物 化肥③ V V V 
篤 + 化 肥 + 覆 盖 物 」 小 区 ； 最 后 的 户 是 「 植 物 算 覆盖物① . “ ^ 
+ 有 机 肥 + 化 肥 + 覆 盖 物 」 小 区 。 备注 :①除对照区外’其它小区于 0 m ’ 7 m和 l 4 m处种 
植了共 3排香根草植物窝；②有机肥是指 4 4 k g的猪 
2.2 成本效ffi分析 粪；③化肥是指碳酸氢铵和过隣酸韩各 1 . 5 k g ; ④小区 , . 
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至 于 环 境 成 本 方 面 ， 我 们 利 用 1 9 9 6 年 小 区 的 试 验 结 果 ， 测 算 土 壤 中 氮 、 磷 、 钾 、 水 和 泥 沙 的 流 失 量 ， 然 i 
后以「重置成本法」（ r e p l a c e m e n t - c o s t a p p r o a c h ) 去 计 算 要 填 补 这 些 流 失 时 究 竟 需 要 花 费 多 少 钱 。 下 列 丨 
便 是 3 项 水 土 流 失 重 置 成 本 的 估 值 方 法 ： 养 分 流 失 重 置 成 本 二 养 分 总 流 失 量 X 化 肥 市 场 价 格 ； 水 分 
流 失 重 置 成 本 = 水 分 总 流 失 量 X K X 水 费 ； 泥 沙 流 失 重 置 成 本 二 泥 沙 总 流 失 量 X 泥 沙 市 场 价 格 。 
虽 然 水 土 流 失 还 会 引 致 下 游 河 道 游 塞 、 地 表 水 污 染 、 水 库 水 体 富 营 养 化 和 动 物 栖 息 地 遭 破 坏 等 环 
境问题 [ 1 3 ]，但这些都属场外影响（ o f f - s i t e i m p a c t )，所以本研究暂不把它们包括在内。 
收 入 的 计 算 是 根 据 各 小 区 于 1 9 9 5 年 1 1 月 至 1 9 9 6 年 1 0 月 1 年 间 的 作 物 产 量 ， 以 2 0 0 3 年 的 市 场 | 
价 格 去 推 算 每 个 小 区 的 毛 利 。 我 们 把 每 年 的 折 现 率 和 投 资 年 期 分 别 设 定 为 1 0 % 和 1 5 年 ， 并 使 用 以 下 
的 算 式 去 计 算 各 个 小 区 的 净 现 值 （ n e t present v a l u e ) � ’ ：丨 
15 r R r 1 
NPV - V “ 
- 孙 1 + r H 
式 中 ： N P V 为 净 现 值 ; 为 第 " 年 的 收 入 ； 为 第 r i 年 的 成 本 ； r 为 折 现 率 ； n 为 投 资 年 期 。 
3结果和讨论 ^ 
小 区 净 现 值 由 大 至 小 的 次 序 是 P I > P0 > PIOM > PIM > C > P ( 表 2 ) � 最 高 与 最 低 的 相 差 达 
2.481 8 元 示 坡 耕 地 是 否 有 水 土 保 持 的 措 施 ， 其 经 济 表 现 有 极 大 的 差 异 。 6 个 小 区 中 只 有 P I � 
PO.PIM和PIOM的净现值是正数，表示只有这4种耕作方式的效益高于成本，而C•和的负净现值] 
则反映它们有资源配置不合理（ m i s a l l o c a t i o n of r e s o u r c e ) 的 情 况 出 现 。 
虽 然 C 的 投 资 成 本 和 经 营 成 本 都 是 0 元 / m 2 ， 但 其 净 现 值 却 是 - 0 . 2 2 6 6 元 / m 2 �这 是 因 为 在 没 有 
任 何 水 土 保 持 措 施 的 情 况 下 , 水 土 流 失 严 重 ， 总 重 置 成 本 非 常 高 昂 。 可 是 ， 纵 然 种 有 植 物 篤 ’ 但 它 
的 总 重 置 成 本 仅 比 C 的 表 2 成 本 效 益 分 析 的 结 果 -
少 0 000 2 元 / m �原 因 可 -Table 2 Results of the cost and benefit analysis (元/m�) 
能 是 小 区 只 运 作 了 1 年 H 实-•区  
多 ， 植 物 篤 未 能 充 分 发 挥 兄 P P0 覆 丽 
预 期 的 效 果 。 此 外 ， 可 能 投资成本 0.000 0 - 0.114 0 - 0.114 0 - 0.114 0 - 0.264 0 - 0.264 0 
由 于 植 物 篱 与 农 作 物 的 距 经营成本 0.000 0 - 0.220 0 -0.051 0 -0.126 0 - 0.346 0 
离 太 相 近 ， 彼 此 竞 争 养 份 养份流失重置成本 -0.128 9 - 0.121 3 -0.018 0 -0.107 4 - 0.140 2 0.155 9 
和 水 份 ， 导 致 部 份 农 作 物 泥沙流失重置成本 -0.010 5 - 0.009 8 - 0.000 6 - 0.000 8 - 0.000 4 - 0.000 2 
未 能 吸 收 充 足 的 营 养 ， 结 水份流失重置成本 _ 0.090 6 - 0.098 6 -0.024 4 -0.025 0 -0.025 3 - 0.018 2 
果 P 的 收 人 只 有 0 . 1 6 3 1 收入 小麦 0 .033 6 0.031 5 0.130 2 0.037 8 0.071 4 0.155 4 
元 / m 2 ，比 C 还 低 0 . 0 3 7 1 大豆 0 .166 6 0.131 6 0.382 2 0.406 0 0.268 8 0.184 8 
元 / m 2 ， 成 为 6 个 小 区 中 最 净现值 1 年 - 0 . 0 2 7 1 - 0 .164 3 0.123 1 0.132 4 - 0 . 1 2 8 0 - 0 .052 1 
{氏的一个 0 . 这 显 示 ， 从 经 2 年 -0.051 7 - 0.219 4 0.329 1 0.346 8 - 0.026 2 0.118 6 
济 角 度 而 言 ， 单 独 使 用 等 3 年 - 0 . 0 7 4 1 - 0.269 5 0.516 3 0.541 8 0.066 3 0.273 8 ： 
高 植 物 算 的 水 保 方 法 是 不 4 年 - 0 . 0 9 4 4 - 0.315 0 0.686 7 0.719 1 0.099 2 0.363 8 ； 
可 取 的 0 5 年 - 0 , 1 1 2 9 - 0 . 3 5 6 5 0.841 6 0.880 4 0.175 7 0.492 1 
若 在 植 物 篤 地 上 加 入 ： ： ： ： ： ： ： : 
碳 酸 氢 铵 和 过 磷 酸 韩 各 ： ： ： ： ： ： ： i 
1 . 5 k g 作 肥 料 ， 其 收 人 便 ： : : : : : : 
大 大 上 升 至 0 . 4 4 3 8 元/ 15 年 - 0 . 2 2 6 6 - 0 . 6 1 1 0 1.793 0 1.870 8 0.556 5 1.191 4 
n T - ， 净 现 值 在 6 个 小 区 中 “ — 
148 
2 6卷增刊 邓智伟等：三峡库区等高植物篤之成本效益分析 135 I 
排行第一（ 1 . 8 7 0 8 元 / m 2 ) 。 如 果 不 用 化 学 肥 料 ， 而 在 植 物 篤 耕 地 上 加 人 4 4 k g 猪 粪 作 为 有 机 肥 的 话 ， 虽 
然 经 营 成 本 较 P 增 加 了 0 . 2 2 元 / m 2 , 但 收 人 也 同 时 上 升 至 0 . 5 1 2 4 元 / r a 2 ， 净 现 值 在 6 个 小 区 中 排 行 第 
二 （ 1 . 7 9 3 元 / m 2 ) �以 上 的 结 果 显 示 ， 即 使 植 物 篱 能 提 供 绿 肥 以 改 善 土 壤 的 物 理 和 化 学 质 量 ， 这 并 不 代 
表 农 民 可 完 全 省 却 化 肥 或 农 家 肥 的 费 用 ， 因 为 单 靠 绿 肥 是 不 足 以 提 高 农 作 物 产 量 。 此 外 ， 虽 然 P 0 的 丨 
收 人 比 P / 的 高 出 0 . 0 6 8 6 元 / m 2 ， 但 由 于 投 入 有 机 肥 的 费 用 比 投 人 化 肥 的 多 0 . 1 6 9 元 / m 2 ， 故 此 P 0 的 | 
净 现 值 比 / V 为 低 ， 可 见 要 达 到 高 经 济 效 益 的 目 标 ， 成 本 的 控 制 是 非 常 重 要 。 值 得 注 意 的 是 ， 过 度 使 用 i 
化 肥 会 导 致 水 体 污 染 ， 对 生 态 系 统 有 负 面 影 响 ， 所 以 适 当 的 结 合 有 机 肥 和 化 肥 ， 才 是 理 想 的 方 法 。 i 
理 论 上 ， 使 用 覆 盖 物 可 保 护 表 土 免 被 雨 点 直 接 撞 击 ， 起 了 巩 固 土 粒 结 构 和 减 缓 雨 水 冲 刷 等 作 用 。 i 
但 在 本 研 究 中 ， / V M 虽 然 比 P / 多 1 0 k g 的 稻 草 作 覆 盖 物 ， 但 前 者 的 总 重 置 成 本 却 比 后 者 的 多 0 . 0 3 2 8 ！ 
元 / m 2 ， 这 反 映 覆 盖 物 的 应 用 对 控 制 土 壤 侵 烛 未 必 能 发 挥 明 显 的 作 用 。 更 甚 的 是 ， P / M 因 投 资 成 本 和 
经 营 成 本 的 上 升 而 导 致 其 净 现 值 下 调 至 0 . 5 5 6 5 元 / m 2 ， 大 约 是 P I 的 1 / 3 � 
. 此 外 ， P / O M 的 总 重 置 成 本 是 6 个 小 区 中 最 低 的 1 个 ， 这 表 示 它 最 能 有 效 地 控 制 水 土 流 失 ， 使 养 
份 、 水 和 泥 沙 保 留 在 田 里 。 不 过 ， 由 于 它 结 合 了 植 物 蓠 、 有 机 肥 、 化 肥 和 覆 盖 物 共 4 项 农 业 投 人 ， 投 资 I 
成 本 和 经 营 成 本 比 其 它 小 区 的 高 出 2 倍 〜 5 倍 ； 加 上 过 度 的 投 人 对 大 豆 的 生 长 起 了 抑 制 作 用 [ … ， 以 致 I 
其 净 现 值 反 比 尸 / 和 / ^ O 为 差 ， 只 得 1 . 1 9 1 4 元 / m 2 �因 此 ， 要 控 制 土 壤 侵 蚀 ， 水 保 工 作 毫 无 疑 问 是 要 抓 
紧 ， 可 是 过 量 的 投 放 却 会 因 成 本 上 涨 而 为 经 济 带 来 负 面 影 响 ， 使 净 现 值 降 低 。 因 此 ， 研 究 人 员 在 探 讨 I 
水 土 保 持 措 施 的 生 态 功 能 的 同 时 ， 亦 应 考 虑 其 经 济 效 益 ， 从 而 在 两 者 之 间 找 出 合 理 的 平 衡 点 ， 以 实 践 
农 业 可 持 续 发 展 。 
4 结 论 
本 文 使 用 成 本 效 益 分 析 探 讨 了 植 物 算 在 不 同 运 作 方 式 下 的 经 济 表 现 ， 藉 此 帮 助 找 出 植 物 霄 应 用 
： 于 三 峡 库 区 的 优 化 方 案 。 在 山 高 坡 陡 、 人 多 地 少 和 以 农 业 生 产 为 主 导 的 三 峡 库 区 中 ， 土 壤 侵 蚀 既 是 生 i 
I 态 问 题 ， 同 时 也 是 经 济 问 题 ， 所 以 优 化 方 案 除 了 要 考 虑 其 水 保 能 力 外 ， 还 要 顾 及 其 经 济 表 现 。 分 析 结 
j 果 显 示 ， 单 独 使 用 植 物 篱 的 经 济 效 益 不 高 ， 要 结 合 其 它 农 业 投 人 才 能 达 到 理 想 的 效 果 ， 但 同 时 也 要 避 
i 免 过 度 的 投 人 以 收 成 本 控 制 之 效 。 最 后 ， 我 们 必 须 知 道 ， 成 本 效 益 分 析 只 是 帮 助 决 策 的 一 种 工 具 ， 并 
I 非 金 科 玉 律 ， 分 析 出 来 的 结 果 也 不 应 一 成 不 变 地 应 用 到 现 实 生 活 中 。 
i • 
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Cost-Benefit Analysis of Contour Hedgerow in The Three Gorges Region 
D E N G Z h i - w e i , W U Shi- l iang 
(Department of Geography and Resource Management, the Chinese University of Hong Kong ’ Hong Kong) 
Abstract ： Contour hedgerow was introduced to Zigui County as a means of soil conservation in the early 
1990s . Previous attention had been mainly focused on its performance in checking the loss of sediment and 
nutrients. However its economic sustainability and feasibility were often overlooked. In order to understand 
the economic performance of contour hedgerow, a cost - benefit analysis was undertaken. Assuming an 
investment period of 15 years with an annual discount rate of 10%， the net present value ( N P V ) of a 25° ： 
slope cultivated land was - 0 . 2 2 6 6 RMB yuan/m"，indicating that soil erosion can bring severe economic 
loss if the problem is not properly addressed. Nevertheless，contour hedgerow was still not enough to generate 
positive net present value unless other inputs such as inorganic fertilizers and/or organic manure were added， | 
indicating that contour hedgerow alone economically is not a viable option for soil conservation. The 
combination of contour hedgerow and inorganic fertilizers was found to produce the highest net present value 
( 1 . 8 7 0 8 RMB yuan/m") . The combination of contour hedgerow and organic manure also performed well as 
it produced a net present value of 1 . 7 9 3 RMB yuan/m^ . On the other hand, the combination of contour | 
( 
hedgerow, inorganic fertilizers, organic manure and mulching, which was considered as the most j 
environmental friendly practice, failed to maximize the net present value due to exceedingly high investment | 
and operating costs. It is believed that these findings can provide a reference for the sustainable development : 
in the Three Gorges Reservoir Region. 
Key words ： Contour hedgerow ； Cost-benefit analysis ； Economic sustainability ； Soil and water conservation 
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